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FOREWORD 

The purpose of this repor t  is to present  the r e su l t s  of a study of "Large 
Space Structures  Experiments  for  AAP" conducted by the Convair division 
of General Dynamics for  the Marsha l l  Space F l igh t  Center ,  NASA. The 
study was  performed during the interval 15 September,  1966 to  15 September 
1967, a t  a level of approximately $275,000.00, under Contract NAS 8- 
18118. The final r epor t  is published in  five volumes a s  follows: 

Volume I Technical Summarv 

This volume summar izes  the resu l t s  of the ent i re  study. 

Volume I1 Analysis and Evaluation of Space Structures  Concepts 

This  volume presents  the r e su l t s  of the analysis  of the 40 space 
s t ruc tures  concepts analyzed during the first half of the study. 

Volume 111 Crossed  H Interferometer fo r  Long Wave Radio Astronomy - 
This  volume contains the design details  of the Crossed  H Interfer-  
ometer  which was one of the three  concepts selected at mid - t e rm 
for  detailed analysis ,  

Volume IV Focusing X-Rav TelescoDe 

This  volume contains the design details  of the focusing x - r a y  te le -  
scope which was one of the three  concepts selected at mid- te rm 
for  de tailed analysis.  

Volume V 100-Foot Parabol ic  Antenna 

This  volume contains the design detai1.s of the parabolic antenna 
which was one of the three concepts selected a t  mid - t e rm for ' 
detailed analysis.  
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SECTION 1 

INT RQPUCTIQN 

1 1 BACKGROUND. The purpose of this  study was to identify and define 
three  la rge  space s t ruc tures  experiments through which the following flight 

could be accomplished: evaluate the role of m a n  in the deploy- 
ment, assembly,  alignment, maintenance and r epa i r  of la rge  s t ruc tures  i n  
space; evaluate the performance and behavior of la rge  s t ruc tures  in space 
f r o m  a technology viewpoint; and provide a useful space s t ructure  which 
can be used to  fulfill a "user oriented" requirement such as a communica- 
tion antenna o r  for  radio astronomy. This volume discusses  a large parabolic 
c ommuni c a t  ion ant e nna . 
The logical point of departure  for  a study is to f i r s t  determine the most  
promising a r e a s  of science and technology which will probably require  l a rge  
s t ruc tures  in space. 
next decade, one can conclude that some of the more  prominent requi re -  
ments will evolve f r o m  the a r e a s  of astronomy, communications, and to  a 
l e s s e r  but significant degree,  f r o m  the requirements  for so la r  cell  a r r a y s ,  
micrometeoroid collectors and magnetometers.  

In viewing the potential NASA missions throughout the 

With regard  to astronomy, regions of the electromagnetic spectrum which 
a r e  of interest  to as t ronomers  begin with the very long radio waves and 
continue through the gamma r a y  region. 
necessar i ly  agree on which a r e a s  of the spec t rum should receive the highest 
priority,  general consensus on those bands of par t icular  interest  and specific 
recommendations for future as t ronomy in space a r e  found in "Space Research  
Directions for  the Future ,  P a r t  2" (Woods-Hole Report). This  document, 
together with other appropriate sources  of l i t e ra ture ,  was used to  guide th i s  
study i n  its relation to astronomy. A few of the m o r e  important conclusions 
and recommendations contained in the Woods -Hole Report a r e  summarized 
in Figure 1-1. 
i es  those regions of the spectrum i n  which the atmospheric attenuation is 
greater  than 10 db, and therefore,  those regions which a r e  essentially 
blacked-out f rom the ea r th ' s  surface. '  In these regions, as t ronomical  obs - 
ervations a r e  completely dependent on the ability to  go into space. 
ingly, the Woods - Hole 
astronomy covering the entire spectrum with the exception of that region shown 

Although not all as t ronomers  

The darkened area of the line at the top of the figure signif- 

Accord-  
Report h a s  made positive recommendations fo r  space 

tronomy on the figure which according to  that repor t  can be 
ground -based observations. 

Several  of the bands of interest  a r e  par t icular ly  challenging to  those 
interested in la rge  space s t ruc tures .  First, consider the ve ry  long wave 

1-1 
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Figure 1-1. Potent ia l  Applications of La rge  S t ruc tures  in  Space 

(10 m and longer)  region. Antennas designed to  operate  i n  th i s  region have 
two dominant character is t ics :  l a rge  physical dimensions and cor respond-  
ingly large allowable tolerances.  The Woods -Hole Report  recommended a 
“broad band antenna sys tem leading to a 20 km aper ture  ult imate antenna 
system”.  Although such an  antenna would not be feasible during the AAP 
period, antenna types which may prove useful i n  the long wave region and, 
therefore ,  had to  be accounted for in this study, include log per iodics ,  
rhombics,  broadside a r r a y s ,  and phased a r r a y s .  In the sub-mil l imeter  
region the p r i m a r y  useful antenna concept is a fair ly  la rge  parabolic radio 
telescope with ve ry  stringent tolerance requi rements ,  
emphasis  was therefore  placed in  this region of interest .  
of interest  to a s t ronomers  which involve la rge  s t ruc tures  is the x - r a y  and 
gamma-ray  end of the spectrum. 
specific large space s t ructure  requirements  t o  support  these  as t ronomica l  
programs.  In summary ,  Convair was directed by NASA, to include in  the 
study, detailed analysis  on four types of space s t ruc tures  relating to a s t r o -  
nomy, long wave radio, ,  sub-mil l imeter  wave radio, x and gamma-ray  a s t r o -  
nomy. Although optical as t ronomy including infrared,  ultraviolet, and 
visible regions of the spec t rum a r e  ex t remely  important to future space 
flight, Convair was directed by NASA not to  include these types of s t ruc tures  
in  the study. 

A grea t  deal  of 
Additional regions 

The Woods-Hole Report  a l so  contains 

In the a r e a  of communications many varying types of potential candidate 
miss ions  exist including TV o r  voice broadcast  type miss ions  (of which 
the re  a r e  numerous var ia t ions ranging f r o m  direct  to home broadcast  to  
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simple point to point relay),  deep space relay,  e tc . ,  exist. Large  space 
s t ruc tures  requi rements  va ry  widely with the miss ion  and their  potential 
t ime f r a m e  for  application. Although work is continuing to develop high 
power, long life space power supplies such as radioisotopes and nuclear 
reac tors ,  there  will always be a need for  solar cel l  a r r a y s ,  and thus Convair 
w a s  d i rec ted  to include s t ruc tures  of this na ture  in  the study. Additional 
a r e a s  which appeared to have the requirement  for  s t ruc tures  were magneto-  
meter  devices (the s t ruc tura l  requirement  emanates  f r o m  the need to sep -  
a ra t e  the magnetometer a long distance f rom the mother spacecraf t )  and 
micrometeoroid collector s . 
In summary ,  i t  w a s  directed by NASA that the concepts to be analyzed in  
the study be centered around those satisfying the following use r  -oriented 
applications requirements .  

Longwave radio astronomv 
Sub -mi l l imeter  wave radio astronomy 
X-and gamma-ray  astronomy 
Communications 
Solar cel l  a r r a y s  
Magnetometer s 
Micrometeoroid col lectors  

I 

Figure  1 - 2  Task  A r e a s  
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1 .2  
accomplished during the study as directed by NASA during the contract  
orientation. 
the analysis of a large number of candidate space s t ruc tures  concepts cul-  
minating in the selection of th ree  which would then undergo more  detailed 
ana lys i s  and design during the second half of the study, see  F igure  1-3. 
The only difference between T a s k  1 and Task  2 i s  that Task  1 s t ruc tures  
were provided to  Convair by NASA o r  industry,  whereas  concepts analyzed 
in  Task  2 were originated by Convair. 
the concepts analyzed in  Tasks  1 and 2 be representat ive of all candidate 
space s t ruc tures  requi red  to fulfill potential NASA miss ions  in  the 1970-75 
t ime f r ame ,  every  effort was made to seek  out s t ructural  concepts and ideas  
throughout NASA and industry. A le t ter  was prepared  descr ibing the p u r -  
pose of the study and soliciting any concepts and ideas  that the addres sees  
might wish to submit  for inclusion in  the T a s k  1 analysis.  The successful  
performance of this  study h a s  been great ly  enhanced by the fine cooperation 
of the many companies responding to this solicitation le t te r .  

STUDY APPROACH, Figure  1-2 shows the major  t a sk  a r e a s  to be 

The  study was  broken into two pa r t s ;  the first half dealing with 

Since it was des i r ed  by NASA that 

FUNCTIONAL TIME LINE AND 
RELIABILITY ANALYSIS 

UPDATE /EXPAND ANTENNA - - - - -  
I ANALYSIS ,.---I L / V ,  S / C ,  MISSION AND ~~' EXPERIMENT EQUIPMENT REQUIREMENTS SUPPORT 

t ASTRONAUT CAPABILITIES 
OF 40 ' c O N c E P  T s  

NASA 
1347 
FORM 

I - -  - A  

PRELIMINARY D E S I G N ,  
OF PARABOLIC 
ANTENNA I NASA 1- 

I SELECT ION 
,OF THREE 

i 

REPOR 
I 

I - - - -  

I C O N C E P T S  I I 

PARABOLIC 
ANTENNA 
STUDY FROM 
NAS-W -1438 

I I 
-L__IY P L A N  

FABRICATE 
MODEL AND 

Figure  1-3 .  Second Half Technical Approach-Parabol ic  Antenna 

1.3 
design and analysis  of 40 candidate space s t ructure  concepts for flight in  
the 1970-75 t ime f r a m e .  Three  of these s t ruc tures  were selected at the 
mid - t e rm point of the study and were the subject of detailed pre l iminary  

SUMMARY O F  RESULTS. Tasks  1 and 2 resul ted in  the pre l iminary  

1-4  



design and analysis during the second half of the study. They a r e :  a long- 
wave radio astronomy antenna called a c rossed  H interferometer ,  a focus-  
ing x - r a y  telescope, and a 100 f t .  aper ture  parabolic antenna. An overa l l  
s u m m a r y  of the en t i re  study can be found in  Volume I. Analysis of the 40 
candidate s t ruc tures  can be found i n  Volume 11, and detailed analysis  of the 
three  selected concepts a r e  contained in Volumes 111, IV, and V,  r e s p e c t -  
ively as l is ted above. 

1 .4  Contained in  this volume a r e  the 
design details  of the proposed 100 ft .  parabolic expandable t r u s s  antenna 
experiment.  
the way technologically fo r  accomplishing a wide var ie ty  of potential future 
space missions.  
performed by Convair division of General Dynamics under contract  NAS- 
W - 1438, 
provided the greatest  growth potential, in rigidity, s ize  and tolerance 
improvements. 

INTRODUCTION TO VOLUME V. 

The implementation of this experiment is envisioned as paving 

The experiment derived here in  is  very  similar to the work 

F r o m  the many concepts considered, the expandable t r u s s  concept 

Advanced orbiting communication sys tems current ly  under study have a 
requirement  for a large space erectable  antenna. Previously,  boosters  
with l imited payload capacity could place into orbit  only low -powered sys tems 
which require  an  elaborate network of ground receiving antennas. The 
coming operational s ta tus  of the Saturn S-IB and S-V boosters ,  make 
feasible large antennas and the i r  accompanying systems for  broadcast ,  
avionics, navigation, radar  control,  deep space communications, R F  
spectrum analysis,  and intercontinental re lays .  

Astronaut participation is  feasible i n  this  design in  the assembly,  main-  
tenance, repair  and tolerance improvement, and significantly enhances the 
performance and reliability, making this concept superior t o  other erectable  
concepts . 
Work is continuing on the parabolic expandable t r u s s  antenna experiment to  
fur ther  develop the design and system components, under NAS-W-1438 
contract  extension. Expanded design of the attitude control system, sep - 
ara t ion  system, beam steer ing techniques, t e lemet ry  system and pat tern 
measurement  analysis  wil l  be available in the near  future.  
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SECTION 2 

EXPERIMENT OBJECTIVES 

DATA RECORDING BY: 
STRAIN GAGES, MICROSWITCHES. 
THERMOCOUPLES, REFLECTIVITY 
GAGE 
PHOTOGRAPHY 
LASER MEASUREMENT UNIT 

TO RECORD STRUCTURAL BE- 
HAVIOR OF: 

EXPANDABLE TRUSS 
MESH REFLECTOR 
STRUCTURAL DYNAMICS 
THERMAL VARIATIONS 
ANTENNA DEGRADATION 

DURING: 
DEPLOYMENT 

PATTERN MEASUREMENTS 
POINTING TESTS 
OPERATION 
EVA SUPPORT 

i MESH TOLERANCE TESTS 

The flight objectives of the Parabolic Antenna Experiment are threefold: to evaluate 
man's role in the deployment, operation and maintenance of a large orbiting structure; 
to advance the technology of large structures in space by evaluation of structural 
performance; and to provide useful scientific data applicable to a wide variety of 
potential future missions. Means of accomplishing these objectives are summarized 
in Table 2-1. 

Photography and biomedical sensors will be used to evaluate man's capabilities 
duripg intravehicular activities (IVA) and extra vehicular activities (EVA). Through- 
out the 14-day experiment period, rnan's participation is required. He controls 
deployment, repeatedly inspects the structure and equipment at each stage of operation, 
makes physical and electronic measurements, inspects and adjusts the tolerance 
critical reflector surface, boresights the feed to optimum performance and performs 
pattern, noise, and pointing tests. 

The success of the parabolic antenna as an experiment will provide the apace program 
with a compact highly stable technology baseline for applications in antennas of 
various types besides the parabolic version discussed here. Phased arrays, helices, 
large solar cell or radiator area support are also candidate systems to employ 
this versatile structure. Strain gages, microswitches, thermocouples, reflectivity 
gage, accelerometers, laser reflector surface measuring unit, and motion pictures 
will be used to record the structure condition during deployment and operation. 

Table 2-1. Parabolic Expandable-Truss Antenna 

EVALUATE MAN'S ROLE IN DEPLOY- 
MENT, OPERATION & MAINTENANCE 
OF A LARGE ORBITING STRUCTURE 

DATA RECORDING BY: 
BIOMEDICAL SENSORS 
PHOTOGRAPHY 

TO RECORD: 
PHYSICAL REACTIONS, DEXTERITY, 
CAPABILITIES & TASK ACCOM- 
PLISHMENT TIMES 

DURING: 
PHYSICAL LOCOMOTION 
EQUIPMENT TRANSFER 

INSPECTION 
MESH ADJUSTMENT 
FEED ALIGNMENT 
TUBULAR ELEMENT LOCKUP 
TOLERANCE MEASUREMENT 
PATTERN MEASUREMENTS 
POINTING TEST 

FLIGHT OBJECTIVES 

ADVANCEMENT OF STRUCTURES 
TECHNOLOGY BY EVALUATION 
OF STRUCTURAL PERFORMANCE 

'ROVIDE USEFUL SCIENTIFIC 
@FORMATION 

IATA RECORDING OF: 
PATTERN MEASUREMENT OF LARGE 
(100 FT. ) ANTENNA AT 100 MHz, 
I GHz, 6 GHz 

POINTING CAPABILITY OF LARGER 
ANTENNA 

NOISE TEMPERATURE MEASUREMEN 
AT 100 MHz. I GHz, 6 GHz 

WITH APPLICATION TO: 
AVIONIC COMMUNICATION 
VOICE & TV BROADCAST 
DEEP-SPAGE RELAY 
ESSA SATELLITE RELAY 

SPACE STATION RELAY PLUS 
CAPABILITY OF REFURBISHMENT 
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Truss  and mesh surface measurements w 1 be taken with the reflector at various Sun 

angles. The most important evaluation will come from the crew's EY inspection of 
the deployed structure. Detail visual inspection and adjustment of this large structure 
would be impractical without man. 

Besides the significant information on man's operations and large structure deploy- 
ment$ dynamics, and thermal variations, the experiment will evaluate the f u l l  RF 
pattern around a large (100 ft. dia. ) parabolic antenna at synchronous orbit. Due 
to the long ranges (30 to 50 mi. ) required to evaluate field patterns, an antenna of 
this size has never been completely measured on the ground, The ground gravity 
condition also prohibits the achievement of aclose tolerance reflector that probably 
can be achieved in this experiment. Evaluation of sidelobe patterns are important 
on future space antennas where voice or T V  broadcast would interfere with neighbor - 
ing areas or countries, jamming their available stations and possibly offending them. 
Pointing and holding a 0.12' (6 GHz) beamwidth antenna system will test the attitude 
control system on a large flexible structure (1.5 cps). Close tolerance measure- 
ment of background noise and earth noise will aid in the design of future systems. 
These tests will provide a wealth of knowledge for future communication systems, 
as well as determining man's effective role. 

The 100 ft. dia. expandable truss antenna was selected after evaluating requirements 
for potential future missions, using large erectable antennas. 

Figure 2-1 shows antenna size vs. frequency bands. Beamwidth (1/2 power) of 17' 
subtends the earth from synchronous orbit, while 2'covers an 800 mi. time zone in 
the United States. Peak frequencies are limited by the surface tolerance ( (r ) of the 
reflector surface to diameter ratio. Volume constraints limit the diameter of the 
antenna to 140 ft. with the CSM/LEM adapter configuration and to 320 ft. with the 
largest of the available Saturn fairings. A 100 ft. antenna will provide a 7O beamwidth 
at  0. 10 GHz, 0. 7' at 1 GHz and 0. 12' at 6 GHz. 

Typical applications are: 

a. 

b. 

C. 

d. 

e. 

TV and voice broadcast in the VHF range to limited areas. 

Measurement of earth radiating RF sources and plotting their location. 

High data rate link from orbit - useful for space station complex in synchronous 
o r  lower orbit. 

Deep space communication - small antenna on interplanetary spacecraft to 
large antenna in orbit increases bit rate at no power penalty to spacecraft. Data 
relayed to earth pick-up. 

Orbiting satellite relay link - synchronous orbit pick-up of low orbit satellite 
information on high frequency bands and relays information to earth at lower 
frequency. ESSA requires this type system for current systems. 
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Figure 2-1. Antenna Size Requirement (Paraboloid) For Limited Area Coverage 

f. 

g* 

h. 

i. 

Avionics Control - in VHF range, large antennas are required to efficiently 
utilize power to cover areas such as the USA from synchronous orbit, Future 
supersonic transport overseas flights also require improved communication 
over Atlantic and Pacific areas. 

Avionic Radar Control - potentially in 1975-1980 period, avionic radar control 
from orbit will require large phased array systems. Structuralteoncept of the 
expandable truss is applicable for supporting a built-up array system. 

Earth relay links with mul ti-access point-to-point secure coverage. 

RF Spectrum Conservation - the growth of communication systems with the in- 
crease in world population is rapidly diminishing the available frequencies. 
Large antennas with corresponding small beamwidth will limit transmission 
on a given frequency to a selected local area, allowing the same frequency to be 
used for a different transmission h other areas. Orbital systems also permit 
the use of microwave frequencies that require line -of -sight transmission. 
Expensive microwave relay stations can be omitted and communication brought 
to people in remote areas. 8, 

i 

The experiment objectives are best accomplished by completion of the following 
tasks: 

a. Deploy a large structure in space compatible with astronaut support, 
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b. 

C. 

d. 

e. 

f. 

g* 

Evaluate man's role in inspection, repair, maintenance, feed tolerance adjust- 
ment, solar cell power system deployment and support, experiment mesh 
tolerance and pattern measurements, The repair task will range from locking 
a tubular hinge joint to replacement of a damaged tubular element. Ddiberate 
repair  tasks on the tubular elements may be performed without affecting the 
integrity of the structurally redundant expandable truss. 

Measure Mechanical Quality of Antenna - inspect over-all alignment, use 
laser interferometer to measure RMS tolerance of reflector surface, adjust 
feed to best f i t  mechanical axis, perform surface measurements in dark, side 
sun, back sun and face sun. 

Pattern Measurements - perform pattern measurements to determine maximum 
gain, side lobe magnitude, correct feed to optimum electrical axis. The 
astronaut will monitor data to reduce telemetry bit rate and determine if un- 
expected interference is affecting patterns. The astronaut will perform recycle 
of the measurement if there is a questionable element of the pattern. 

Noise Temperature - determine background noise temperature, Astronaut 
will pilot the antenna to cover celestial sphere and perform a detailed evaluation 
of peak areas of interest. 

Pointing Accuracy - once calibrated, the antenna will be aimed at various 
earth, satellite and celestial targets. The ability to acquire and hold on target 
will be evaluated. At the highest efficient operating frequency of 6 GHz, 1/2 
power beaniwidth is 0. 12' with pointing requirements of 0.03O to Q.Olo. 

Automatically determine degradation rates of the antenna in an unmanned mode 
after 1, 2, and 5 years. In addition, allow for docking and refurbishment in 
a later manned mission. The stable spider points could be used to dock the 
entire antenna to a space station complex. 

Optional experiments that might be included are: deliberate replacement of a tubular 
element, electrical cable replacement, and attitude control system refurbishment 
to demonstrate manned support repair and refurbishment capabilities. 
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SECTION 3 

EXPERIMENT SEQUENCE 

The parabolic erectable t r u s s  antenna experiment sequence makes op€imum 
use of man in tasks that cannot be simply, reliably, or economically auto- 
mated while meeting the experiment objectives. Figure 3- 1 illustrates the 
experiment sequence. 
loads a re  carried by a pallet into the four support points that a r e  comrnon 
to the LEM vehicle. 

The antenna fills the LEM adapter volume and its 

Ground equipment .used to  transport and erect the 'LEM will  be applicable 
to the erectable antenna. Inside the spacecraft LEM adapter (SLA) the re- 
tractable s t ru ts  extend from the four LEM support points to hold the feed/electronic 
electronic compartment. A typical synchronous equatorial orbit trajectory 
with a Hohmann transfer could put the boost vehicle into orbit in 7.25 hours 
from launch. After a checkout period, CSM separation would take place 
and the SLA would open into four parts exposing the experiment for docking. 
Inspection of the antenna through the CM window will  take place pr ior  to  
docking. Docking procedure is the same as that used on the LEM program. 
Separation from the antenna pallet and extraction from the adapter will be 
performed by the CSM, again similar to the LEM. 
crew enters the pressurized feed/electronics compartment the three feed 
support structures will be released and deployed. 
sulccessfiz1 feed support lockup, the reflect o r  will be deployed. 
mode may require that the CSM separate and move to the rear  of the antenna 
before reflector deployment. 
could then take.place by steering the CSM around the reflector instead of 
EVA from the feed compartment. 

After one member of the 

Upon confirmation of 
An optional 

Rear side inspection of the deployed antenna 

The six solar cell arrays a t  alkernate 45O orientation wi l l  be automatically 
deployed with the reflector. 
be deployed at this time. With the CSM in the docked position and an astro- 
naut in the pulpit of the feed compartment, surface measurements of the re- 
flector wilI start.  A laser measuring unit will scan the contour of the an- 
tenna and a computer printout of deviations will be made. 
out of tolerance (0,125 in.RMS) or a g r o s s  distortion is noted signifying a 
tubular element is not liocked in position, astronaut EVA corrective repair 
action will take place. 
naut will adjust the feed to the focal point of the best fit parabola of the 
existing reflector. 
gain and pattern measurement tests will be initiated. Pattern measure- 
ments will be taken with the antenna in the receiving made and a ground 
transmitter sequentially operating in the 100 MHz, 1 GHz and 6 GHz range. 

Attitude control expulsion system (3) will also 

If the mesh is 

Once the antenna is generally in tolerance the astro- 

With the feed mechanically boresighted the maximum 
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To obtain the most pattern information in the least time a spiral scan is 
used in which the antenna rotates in the reflector plane at a maximum of 
1 rpm, 
this rate. The feed will be corrected to the true electrical axis by the crew. 
Tests will also be performed to determine antenna performance in the trans- 
mitting mode. 

Antenna distortion (0. 1 g) and effects on the crew a re  negligible at 

Noise temperature and pointing tests will follow the pattern measurements. 
Ground, satellite and celestial targets will be acquired with the crew pilot- 
ing the antenna to the general target area. 
ments in approximately 11 days, the CSM will undock and stand off to ob- 
serve the antenna performance in the automatic mode. Interrogation of 
the antenna will continue from 2 to 5 years to determine its degradation 
rate. 

Upon completion of all experi- 

A preliminary sequential time line of the experiment and crew action inclu- 
ding potential abnormal actions is contained in Section 5.2. It vividly illus- 
trates the many tasks that the astronaut must be prepared to  perform. 
While some of these repair tasks are remote (high reliability on the compo- 
nent) or may not be approved by the safety personnel, the charts point out 
the optimum 'use of man to completely back up the antenna systems. 
parts and EVA tools may also be extracted from this analysis. 

Spare 

Time sequence of the antenna experiment is  shown in Figure 3-2. 

TASK 0 
ATTAIN ORBIT & CHECK, EXTRACT EXPER, 
DEPLOY FEED 
DEPLOY REFLECTOR 
CHECK ALL SYSTEMS 
LMU SCAN 
INSPECT REFLECTOR 
MESH MEASUREMENT 
ADJUST MESH 

MECHANICALLY BORESIGHT FEED 
PATTERN MEASUREMENT 
NOISE TEMPERATURE MEASUREMENT 
POINTING TESTS 
TRANSMITTER TEST 
INSPECT ANTENNA 
UNDOCK STAND-OFF 
RETURN 

BEST-FIT PARABOLA 

_. 

0 
0 

I 

3 4 6 8 10 12 14 m 
m 
Ea 

3 
t 

'LANNEDEVA I 
4L EVA 

Figure 3-2. Flight Sequence Time 
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4.1 CONFIGURATION. Configuration design considers the integration of man in all 
systems and experiment operations, Maximum use of available reliable components is 
made throughout the systems. Elements, such as the solar cell power system, are 
omnidirectional to increase total experiment reliability, Cost effectiveness of the 
experiment has been considered during design in three ways: 1) provide an orbital 
experiment that will evaluate man through a broad range of EVA and IVA tasks; 2) 
evaluate large antenna and structural systems that can support a broad range of future 
communications and space assembly tasks, and 3) provide an in-orbjt refurbishable 
antenna that substantially improves a future mission that might normally requlre two 
launches for optimum performance. Thus experiment cost could be readily amortized 
into the spaceman development studies, orbital structural assembly techniques and one 
or  more future systems requiring a large antenna. Following is a brief description of 
each of the systems and their primary design characteristics. 

4.1.1 Parabolic Reflector Assembly. The paraboloidal antenna was selected because 
of its broad frequency application, high gain, lightweight, and basic electrical sim- 
plicity. In evaluating the many concepts to package and erect a large paraboloidal 
antenna, with the potential of meeting a large number of navigation or uommunication 
applications, a 100 ft. diameter expandable-truss concept was selected. The five ft, 
depth of the truss provides the rigidity necessary for maintaining a high natural fre- 
quency in the basic structure. Lack of rigidity results in dynamic distortion and pro- 
longed damping periods, but even more important is its effect on the attitude control 
system. Elastic coupling of the attitude control system with the structure could cause 
excessive use of propellants and disturbances that would make a narrow beamwidth 
antenna inoperative. 

Figure 4-1 illustrates the response curve for a single degree of freedom. If the vibra- 
tory angular or  translation amplification factor is to remain below 1.2, for example, 
with a forcing frequency of 1 Hz, it would be required that the structure have a natural 
frequency of 2 . 7  Hz. 

f 
Forcing frequency IF 
Resonant frequency ; for r = 0.375 and f = 1 Hz -- - 

F r =  
fR 

f = 2 . 7 H z  R 

Small increases in damping have little influence on the natural frequency; in fact, 
damping that is 50% of critical (b = 0.5) would be required to negate the frequency 
dependence, since the response of such a well damped system is less than 1.2 for all 
forcing function frequencies. In light of these observations, a design requirement for 
the expandable truss will be a minimum frequency of 3 . 0  Hz. The additional 0 .3  Hz 
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in the first and i 
par= e ter during 

istortions are reduced as a 
ction of the depth of a space truss. 

In the 100 ft. diameter antenna the dis- 
en the top and bottom member 
tortion has little effect on 

reflection distortion since the mesh is only 
attached at the spider points. 

The difficult part of the truss concept was 
developing one that could be readily packaged. 
In Figure 4-2 the basic element .of the ex- 
pandable truss is shown in its deployed 
and packaged state. By repeating this 
basic structure the expandable truss 
shown in photographs of the 7 ft. model, 
Figure 4-3, can be deployed. 

\ I  
SPIDER 

0 0.5 1.0 1.5 2.0 2.5 3.0 
F O R C I N G  F R E Q .  CFF, 

R E S O N A N T  F R E Q .  ( fR)  
r =  

Figure 4-1. Relative Magnification Factor 
vs, Frequency Ratio for Various Amounts 
of Viscous Damping 

PARTIAL PACKAGED 
DEPLOYMENT 

FULLY 
DEPLOYED 

/ \ 

I 

Figure 4-2, Basic Element of Expandable Truss. 

4 -2 



n w 

3 V 
d 





The design of the reflector truss structure consists of interconnected struts that, when 
ie in two geometric surfaces; diagonal struts join the surface struts at their 

apex and form a redundant and rigid truss-work. The reflector structure can be 
packaged, using hinged joints at the midpoint of each upper and lower strut. The end of 
each diagonal also pivots to allow all struts to take a vertical position for high density 

e Convair antenna geometry optimization (AGO) computer program, 
igure 4-4, will provide the design with length and position of each ele- 
the plan or pmspective view of all or part of the antenna, A magnesium 
d tubular element is shown in Figure 4-5. It is located in the plane of 

the parabolic surface and provides attachment to surface struts and diagonals. The 
orientation of these fittings remains in the parabolic surface as the reflector structure 
contracts into its hexagonal packaged shape. 

Figure 4-5. Tubular Element With Collapsible Hinge 
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c./ Figure 4-6. Beryllium Copper ''klast" Hinge Joint 
4 s  shown in Figure 4-6, a beryllium copper flexible "MAST" type center section is 
used as a hinge on the perforated aluminum tubular elements, The MAST joints provide 
an ideal spring factor with a low initial force and a quick unloading of its energy as the 
bbe reachsls its straight deployed condition. Positive deployment is obtained by spring 
and look elements in six major diagonals. The heavier major diagonals, Figure 4-7, 
drive out the low spring loaded intermediate members, In addition these trusses sup- 
port the attitude control system and carry the electrical power liners, coaxial line@ 
from telemetry and standard gain antennas, and telemetry cabling, By installing 
mioro switches at the lock points complete deployment of the antenna may be remotely 
determined. 

FotqmtizlJ, knee joint designs are shown in Figure 4-8, Selection would be made in 
a simple test program. Diagonal members are continuous and pivot at both ends on 
spherical bearings, 

4.1.1.1 Reflector Mesh, A tricot knit filament material of Chrome1 R, gold plated, 
was selected for the mesh surface, Figure 4-9. This material, with excellent RF 
reflectance, (30db insertion loss in a wave guide at x band), is 80% transparent to 
visible light and has a low spring factor allowing large excursions in substructure move- 
ment while still maintaining its tautness. Its low spring factor significantly reduces 
the spring load in the tqss hinges required to pull the mesh into shape. Figure 4-10 
illustrates the deployment of the tricot mesh on one of the 96 triangular elements that 
make up the reflector face of the expandable truss. Flexibly banded into bundles, the 
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TELEMETRY ANTENNA 

OMNIDIRECTIONAL 
SOLAR CELL POWER SYSTEM 

STANDARD GAIN 4 5 O  ONENTATION 

FLEX - JOINT 

ATTITUDE 
CONTROL 
SYSTEM 

PASSAGE 

& POWER LINES 
HINGED STRUT 

ELEMENTS 

F igure  4-7. Parabol ic  Expandable T r u s s  Antenna - System Orientat ion 
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/PACKAGED ATTITUDE 

DEPLOYED ATTITUDE 

I 

-- 

'SPRING DETENT 

Figure 4-8. Knee Joint, Strut 

Figure 4-9. Chromal R Mesh 
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Materials 

(1) Tricot Chromel R Mesh 
(2) Chromel R Tapes 
(3) Steel Cable 

Deploy 

Mesh Deployment Sequence 
(Typical Triangular Element) 
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Figure 4-11. Reflective Surface System 

mesh will feed out from the flexible bands until fully deployed. Angle hooks on the model 
simdate the adjacent interior mesh. Figure 4-11 shows the details of the mesh. The 
adjusting cables tie to the webbing system which in turn pulls tangentially on the mesh. 
In this way pillowing does not occur. Hexagonal flats are formed that closely approxi- 
mate the parabolic shape, Adjustment of the mesh to the IwlIS + 0.125 in. tolerance 
is obtained by adjustment screws built into the spider. On a manned flight this adjust- 
ment device can be used for both ground and space adjustment of the mesh. By turning 
these screws the cables will move vertically and in turn move the mesh. 

Transparency of the mesh allows the substructure to maintain a more uniform tempera- 
ture. As the angle of the sun changes the mesh will become opaque, Figure 4-12. 
Holes punched in the mesh to simulate meteoroid penetrations are locally contained and 
do not run or unravel under tension. The Chrome1 "Rrl mesh satisfied all of the re- 
quirements for expandable truss and while expensive ($19/sq. ft. ) is available in adequate 
quantity. 

4.1.1.2 Packaging Parameters. The size of the expandable truss antenna is limited 
because of the constraints imposed by the launch package envelope. To best utilize 
the volume available and achieve the largest diameter parabola within the LEM 
adapter, three configurations of packaging are available, as shown by Figure 4-13. 
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RADIATION IMPINGEMENT ANGLE, Iy 

Figure 4 -12. Solar Transmission Through Mesh 

N P E  A 

I 

N P E  R 

rip;: c 

Figure 4-13. Packaging Arrangements for a 

Typical 100 Ft. Expandable Truss  Reflector 
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Type A is the standard packaging of the truss. 
bottom, fold inward, toward the center of the package. 
adapter envelope and is the arrangement proposed for the experiment, 

inged surface struts, both top and 
best fits in the current LE 

Type B is a variation where the upper (or lower) surface struts fold outward, away from 
the center of the package, while the other struts remain between the spiders. 

In Type C both upper and lower surface struts fold outward, away from the center of 
the package. This arrangement results in the smallest diameter but the largest height 
for a given dish size. Conversely, Type A results in the shortest height, but the largest 
pack diameter, for a given dish diameter. Figure 4-14 illustrates the expansion ratios. 

Types B and C are applicable to the unmanned launch configuration. With the SSESM 
and the unmanned large fairing, a 140 ft. diameter antenna of Type A and a 260 ft. 
one of Type B could be packaged. 

Vi, = 6.1 
(TYPE A )  

10.0 
(TYPE B) 

.DIAGONAL ERBE 

Figure 4-14. Expansion Ratios For The Three Types 
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m e t e r  and height for the three es of arrangements can be determined 
from the following relationships, based on dish diameters. 

Type A: Upper and lower surface struts folded inward, 
Package heig%t = 0.098 x Dia. 
Package diameter = 0.150 x Dia. 

Type B: 

Type C: 

One set of surface struts folded inward, other set outward. 
Package height = 0.167 x Dia. 
Package diameter = 0.100 x Dia. 

Both upper and lower surface struts folded outward. 
Package height = 0.238 x Dia. 
Package diameter = 0.069 x Dia. 

These values are plotted in Figure 4-15. 

Figure 4-15. Expandable Truss Packaging Parameters, 
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e attitude control, solar power, standard 

strength and stiffness. Figure 4-7 (ref. ) shows the position of the reflector mounted 
equipment. Coax, power, telemetry and command lines are contained inside the tubular 
truss with jumpers over the spider sections. The lines junction at the three feed support 
legs. Strain and thermal gages are positioned on the truss and will be monitored 
throughout the mission, In addition the six major axis trusses will have micro switches 
at their mid span lock points to confirm deployment and lock-up. 

EVA supports will be provided at work sites. Each spider will have a support point 
for the astronauts tether or work restraint belt. Most probable work stations, such 
as the attitude control system supports or solar cell power system will contain dutch 
shoe restraints in addition to belt restraints. 

4.1.2 Feed Support Structure. The expandable feed support structure joins the re- 
flector and feed/electronic compartment (FEC), After examining many cancepts 
(Reference 3, page 2-115) a triangular truss concept was selected. It provides a 
rigid structure that maintains the high natural frequency of the total structural system. 
With a telescoping system of equivalent weight the natural frequency is below 1.0 cps 
with the feed connected to the 2.8 cps reflector, The combined frequency of the truss 
feed supports and reflector of the proposed design is 1.5 cps. The effect of natural 
frequency on RCS system can be seen in Figure 4-16. In addition the critical tolerance 
of the feed position is an order of magnitude better in combined thermal and deployment 
tolerances with the truss compared to tubular supports. Adjustment of the feed by the 
astronaut to the optimum focal point eliminates most of the deployment and ground 
fabrication tolerance leaving thermal 
distortions as  the primary problem. With 
minimum RF blockage, the feedb triangu- 
lar t russ  depth reduces thermal stresses 
as a function of its depth squared, Compar - 
ed to an equal weight tubular structure dis- 
tortion is reduced by a factor of 25. 

In the packaged condition the truss is 
folded with the midspan interior hinges 
bent outboard and the two exterior longi- 
tudinal truss elements bent inward, Figure 
4-17. When completely folded the end 
hinge joints shear pin to each other to form 
a firm package, Since the electronic 
compartment is supported by four ?'Afc 
frames, no loads are transferred into the 
folded feed support structure. The shear 

t 0.015 
RCS 
BURN TIME 
AS FRAC- 0.010 

FUEL USAGE D U R N  A'ITITUDE HOLD 

a= 0. i Deg. 
a= 0.02 Deg. 

TION OF 
A'ITITUDE 
HOLD TIME O' Oo5 

0 
0 1.0 2.0 3.0 4.0 

a= 0. i Deg. 
a= 0.02 Deg. 

NORMAL FIRST MODE 
FREQUENCY(CPS) 

Figure 4-16, Fuel Usage During At t i tude  
pins retain the structure laterally. Hold. 
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A cable passing through the end joints provides the t nsion capacity required by the 
CSM retraction loads when the e ~ e ~ m e n t  is separated from the LA, In addition the 
cable will be used to control deploy men^ of e feed supports. Once fully deployed the 
astronaut will visually check, from the FE the structure alignment and from the 
microswitch board to determine if a1 elements are locked. After  deployment a single 
truss element in each of the feed supports remains hinged, Figure 4-18, allowing 
the supports to follow the reflector deployment. It locks in place at full extension of 
the reflector. The feed support structure contains the following equipment. 

a. Power lines (3) from each solar cell section. 

b. Coax lines from the telemetry and standard gain antennas. 

c. Command lines to the attitude control system. 

d. EVA supports--hand holds and dutch shoes at top and bottom sections. Fluor- 
escent paint will outline preferred hand holds. Links will be provided at each 
end joint for attachment of tether o r  work belt. 

e. Microswitches are installed at each hinge joint and a board provided in the FEC to 
provide information on unlocked joints. 

4.1.3 Feed and Electronic Compartment. Upon examining experiment requirements the 
feed area was logically selected as the section to install most of the electronic equip- 
ment and the best area from which to direct the experiment. It affords an ideal view 
of the critical reflector surface for visual, camera, and surface contours measuring 
equipment. EVA operations may be accomplished using the feed/electronic compart- 
ment as an airlock, exiting through a side hatch and proceeding down one of the three 
feed support legs. 

Docking of the Apollo CSM to the feed compartment provides an ideal section to with- 
draw the experiment from the SLA. By remaining docked to the feed compartment 
throughout the deployment sequence the Apollo is in a protected position and its 
attitude control system will serve to stabilize the experiment. Pressurization of the 
feed compartment with the environmental control coming from the Apollo system 
allows the Astronaut to monitor the experiment in a shirtsleeve condition at the FEC 
console. Additional 
be stored on a FEC exterior rack. Figure 4-19 illustrates the equipment distribution 
in the feed compartment. Required umbilicals are also listed from the CSM to the FEC 
and from the reflector to the feed compartment. 

or N2 + 0 2  combination required for the added volume will 

The unpressurized fiberglass feed cones are hinged mounted on an external adjustable 
ring. During the surface contour measurement part of the experiment, the two feed 
cones will be hinged back exposing the laser measurement unit, Figure 4-20. Af te r  
laser m easurement unit operation the double feed cones will automatically rotate back 
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100 IaHz FEED 

350 WIHz TO 8 GHz FEED 

PRESSURIZATION BOTTLE 

EED CONE --.-- 

POGITION DURING 
SJRFACE MSASWREM :h’T 
OPERATION8 

LMU ELECT: 3MG3 
PANEL -- - 

UML.LPCI%TS TO C 34 

UdBLLICALS TO EXPERIMENTS 

2. STANDARD GAM (COAX) 
3. TELEMETRY ANTENNA (COAx) 
4. ATCCOMMIND 
5. TELEMETRY 

. PO1 ER 

Figure 4-19, Feed and Electronics Compartment Equipment 

LAS&R\ 
/REVERSIBLE HATCH 

\ / ROTATING MIRROR 

COLLECTOR L WPASS FILTER 1 / / 
PHASOLVER / 

/ / \COLLECTING MIRROR 

- 
Figure 4-20, Laser reKent Unit on Forward Hatch. 
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into place and be aligned to the optimum focal point 
adjustment ring provides the required horizontal and vertical movement. 

the astronaut. 

anual override is also possible if the automatic equipment fails. The pressurization 
system includes gas, blower, dehumidifier, contaminate status, and pressure and 
temperature gage. C@ and contaminate removd and tempe e control will be 
supplied by the Apollo ECS. 

The power system contains batteries and power conditioning equipment. Power output 
of each solar cell system, battery status and power drain will be displayed. 

Transmitter, receiver and pattern measurement equipment will be installed with 
console displays of critical -measurements. 

Resupply, replacement and repair parts and tools will be stored internally or external 
when appropriate on the FEC. Typical elements are film, spare laser measurement 
unit, low torque tools, and critical electronic components. 

The structure of the compartment is an aluminum integrally stiffened flat ended 
cylinder, Figure 4-21, 100 in. in diameter and 60 in. high. Welded longitudinal 
stiffened panels form the interior cylindrical pressure shell with a super insulation 
blanket between it and an exterior meteoroid bumper. The exterior shell also serves 
as a radiator for heat ejection from the cold plates that mount the electronic equip- 
ment. A side hatch provides EVA access. Waffle end bulkheads have double end 
hatches. Three vertical tension straps are provided to reduce bulkhead stresses and 
accompanying weight. A docking ring in the aft bulkhead duplicates the LEM dock. 
View parts are  provided in the upper bulkhead for observation of the deployment pro- 
cess and solar shadowing effects, The entire compartment can be sealed from the 
GSM allowing EVA or venting. After experiment completion the feed/electronics 
compartment can be left with an inert atmosphere to improve equipment life time. 

Dutch shoes, and a waist restraint a r e  provided in the center fqpulpitff for the astronaut. 

4.2 FEED DESIGN. 

4.2.1 RF Analysis. The feed design is a compromise between the desired character- 
istics needed to perform meaningful RF tests of the reflector surface, the basic 
space erectable structure and the space limitations of incorporating such a structure 
into the confines of a standard launch vehicle configuration. Because of the considerable 
bandwidth of the parabolic reflector, a conical spiral antenna was selected as a feed 
antenna. This type of frequency independent feed also provides the desirable circular 
polarization for the measurements and reduces the Faraday effect. 

The included angle at the focal point of a parabola which has a focal length to diameter 
ratio of 0.4 is 128O. Illumination intensity at the edge of the paraboloid should be 
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Figure 4-21. Feed and Electronics Compartment Structure. 
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approximately 1/10 the intensity striking the center of the reflector to conform with 
good design practice so that the primary feed pattern should have a 1/10 power beam- 
width of 128'. The conical spiral feed to accomplish this primary pattern shape will 
have a cone angle of about 30° and a spiral angle of about TOo. To cover the entire 
frequency range of 0.100 to 6 GHz with a single spiral cone would require a cone 
four ft. across the base and about 7.5 ft. long. In addition to being too large for the 
launch storage space available, this single cone arrangement causes some defocusing 
problems over the frequency band because the distance of the radiation center for  
each frequency from the cone apex is directly proportional to the wavelength. 

To somewhat alleviate both these problems, the cone was designed in two sections, 
as shown by Figure 4-22. One cone operates essentially at 100 MHz + 10 MHz and the 
other operates from about 350 MHz through 6 GHz. The cones can bemounted con- 
centrically and connected separately to receivers as desired for test performances. 
The concentric mounting upon the same focal point platform minimizes the defocusing 
problem because the two feeds are located near the mechanical focus of the paraboloid. 
By a folding sleeve arrangement, the low frequency feed spiral will be removed from 
the field of view of the high frequency feed when. it is not in use. The location of the 
high frequency feed inside the low frequency feed will not adversely affect the operation 
of the latter. While this arrangement removes part of the total bandwidth capability 
of the large paraboloid, it represents a not too serious gap covering less than 400 MHz. 

100 MHz 
DEPLOYABLX 
S P I R A L  FEED 

COAX 
COUPLING VERTICAL & HORIZONTAL 

SCREW JACK ( 3 )  

HINGE 
J 

Figure 4-22. Feed Cone Design. 
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4.3 power subsystem for the parabolic antenna 
experiment consists of an om array, batteries, and conditioning 
and distribution equipment. Location of power components is based on location of 
power-using equipment, so that four power stations can be identified. Three electrical 
assemblies are located on the reflector in the vicinity of the attitude control units, the 
fourth assembly is contained within the feed module. The system block diagram is 
shown in Figure 4-23 and a summary of the components is contained in Table 4-1. 

Figure 4-23. Antenna Electrical Power Subsystem. 

Table 4-1. Antenna Electrical System Components. 
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4.3.1 Power Requirements. Power requirements for the antenna are summarized in 
Table 4-2. From this table it can be seen that peak power requirements occur when 
making antenna pattern measurements in the transmitting mode. The power level re- 
quired at this time is 1,735 watts. The continuous power level is 312 watts which must 
be supported under all conditions of operation and orbital li&t and dark periods. 

4.3.2 Solar Cell System, Typical characteristics of available solar cells are surn- 
marized as  follows: 

Watts/lb. (gross area) Conventional Dendritic Thin-F ilm 
Silicon Silicon Non-Silicon 
Cells Cells Cells 

Watts/lb. (gross area) 6.5 12.0 20.0 

Watts/sq. ft. (net area) 9. a a. 3 4.5 

Cell conversion efficiency 12% 10.5% 5% 

Area utilization efficiency 90% 95% 75% 

Space Exposure efficiency (2-yr. ) 50% 60% 80% 

Radiation resistance fair fair good 

Of these, the conventional solar cells are most readily available and are the only 
ones with demonstrated flight performance. Furthermore, flat mounting on rigid 
panels has proven most effective. The antenna solar cell array takes full advantage 
of these characteristics and also maximizes the use of the expandable truss concept, 
Figure 4-24. Six bays on the periphery of the reflector assembly are  used to mount 
the solar cell panels. Each bay provides a flat area of 120 sq. ft. (121.6 sq. ft. 
corrugated) for a total solar cell area of 720 sq. ft.  At 10 watts/sq. ft. this array 
could provide 7.2 KW. However, for omnidirectional use, the panels are  sloped to 
alternately face the front and the back of the reflector. Power is generated as  follows: 

a. Average Power - 2.3 K w  

b. Minimum Power - 1.0 KW 

c. Maximum Power - 4.0 KW 

Figure 4-24. Solar Cell Array Geometry 
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Table 4 -2. Antenna Power Requirements 

I A. Experiment 

1. 100 MHz 
2. 1GHz 

t r m m i t t e r  

transmitter 

Generator 

3. 6GHz 

4. 100 MHz Frequency 

5. 100 MHz Receiver 
6. 1 GHz Receiver 
I. 6 GHz Receiver 

B. AudioCenter 

6. Data storam 
1. Recorder 

D. Telemetry, Tracking 
0 Control 
1. PCN Multiplexer 

(6) 2. USB Transponder 

Power AmpliEer 
4. CommandDecoder 
5. Signal Conditioner 
6. Instrumentation 

(6) 3. 5-Band 

E. Attitude Control 

1. Inertla wheels (3 ea) 
2. Star Tracker (3 ea) 
3. Solar Sensor 
4. Horfzon Bcanner 

(Assume 80% over-all 
efficiency) 

- 
Nominal 

Power 
Ek2.L. 

350 
90 

90 

3 

2 
8 
2 

15 

35 

8 
35 

200 
I 

13 
20 

450") 
45 
15 
15 
50 

1441 

289 

,736 Required Power Generation 

latiern &(lain 
Heasurement 
(1). (21 

3 

2 
2 
2 

15 

8 
35 

200 
I 
l3 
ao 

490") 
4!5 
15 
15 
50 

922 

184 

1.106 

Noise 
Temperature 

8 
35 

200 
7 

13 
20 

- 
45 
15 
15 
50 

432 

86 

5 18 

- 
' rmmi t t e r  
Iperatlow 
& 

350 
90 

80 

3 

- 

15 

8 
35 

200 
I 
13 
20 

*go(? 
45 
15 
15 
50 

,446 
- 
289 

135 L 

- 
:ontinuc 
Lods 
A 

- 

4 

0.5 

8 . 0  
2.0 

10.0 
7 . 0  
l3.0 
20.0 

120 
46 
15 
5 

10 

260 
- 
- 

52 

- 
312 - 

Notes: 

(1) Pattern measurement b.b at 
1 and 6 GHz require 20 hours of 
>peration in addition to a 24-hour 
ICM. 

12) Pattern m e m m m e n t  b.t. at 
LOO MHz require 8 houn of operation 
In ddition b a 12-hour scan. 
(3) Nolse Temperature meuurement 
tests require a total of 18 hours - M 

mverqe of 6 hours per test frequency. 
(4) Initlal t r n s m t t b r  tasta will 
repeat Pattern meruurementa with 
tbc spacecraft w the rdiating 
wurce. 
[S) Include all standby .nd other 
Lods energiced during battsry 
charge. 
(6) A 4  loads required, but have &n 
translated to D-C usuming nominal 
inversion efficiency of 50%. 
[ I )  Peak load shown for e w h  of 3 
nhoels. During scan 2 wheels are 
running at vuyinE ribs resulting in 
r peak for one and a l / Z - p e &  
rverage. The third wheel Is idling, 

4-24 



atteries are gene ed in spacecraft for storing 
aracteristics of riate systems are: 

Battery 
Type 

Shelf 
Life 

Nickel- 1.1 15 1.7 a. 25% Drain 10,000 
Cadmium b. 50% Drain 2,000 

Silver- 1.08 25 1.5 a. 25% Drain 6,000 
Cadmium b. 50% Drain 2,000 

Silver-Zinc 1.5 50 2.5 a. 25% Drain 1,000 
(Sealed b. 50% Drain 400 

Zinc-Oxygen 1.3 70 5.0 Primary 

5 year 

3 year 

2 year 

5 year 

For the antenna application the silver-cadmium type of battery offers the advantages 
of good energy density, adequate cycle life and good shelf life. Battery sizing is based 
on providing peak power for the duration of the orbital dark period, as follows: 

Battery Discharge = (1,735 watts) x (1.2 hours) 

= 2080 Watt-Hours. 

A t  a 40% depth of drain, the required capacity is 
2080 
0.4 

- -  - 

= 5200 Watt-hours. 

Battery characteristics are: 

a. Capacity - 5,200 W-hr. 

b. Rating - 180 Amp.-hr. 

c. Weight - 210 lb. 

For convenience in installation, and to achieve an improvement in system reliability 
through redundancy, this battery is broken up, as follows: 

a. Auxiliary Battery: (3 required) 

Capacity - 1160 W-hr. 

Rating - 40 Amp.-Hr. 

Weight - 56 Lb. 

4 -25 



b. Main Battery: (1 required) 

Capacity - 1740 W-hr. 

Rating - 60 Amp.-hr. 

Weight - 90 Lb. 

4.3.3 Power Conditioning and Distribution. A s  shown in Figure 4-24 (Ref. ), the 
electrical power subsystem is configured in four assemblies; three assemblies on 
the reflector and the fourth in the feed module. This arrangement was selected to 
optimize power distribution. By providing a battery and conditioning equipment at these 
stations local loads can be accommodated by the adjacent solar panels without a long 
power line to the feed module and back. A suitable bussing arrangement ties all the 
elements together with appropriate blocking diodes to prevent adverse circulating 
currents. 

4.3.3.1 Regulators. Four regulators are used. While their power ratings may vary, 
basic design of all four is the same. Pulsewidth modulation techniques are  used to 
provide regulated D-C voltage (+ 1/2%) at efficiencies in excess of 90%. If required, a 
boost feature can be added to extend the range of input voltage over which the unit will 
still provide good regulation. 

4.3.3.2 Inverter. An inverter is used to provide A-C power for the S-Band trans- 
ponder and power amplifier. This unit is a regular single-phase inverter providing 
A-C at 115V and 400 Hz. A switching circuit chops the input D-C which is then trans- 
formed to the required voltage, Filters are added to smooth the resulting waveform to 
the desired harmonic content. 

4.3.3.3 Chargers. Several techniques are  available for controlling the state of 
charge of spacecraft batteries. Currently, the optimum systems relate to nickel- 
cadmium batteries which have been used most extensively in space programs to date, 
Continued development of other battery types will require an increased effort in 
development of control accessories. 

The near-optimum Amp-Gate charging system developed by Mallory Company for 
nickel-cadmium is now being investigatedfor application to silver-cadmium batteries. 
This device is connected to the cell terminals so that when the end-of-charge voltage 
is reached it starts to conduct. Current flow causes a temperature rise in the diode 
which decreases its resistance, thereby allowing more current to flow through the 
diode. Within a few minutes almost all of the current is flowing through the diode 
while a small trickle is flowing through the cell. The cell is then protected from 
excessive charging rates. It is anticipated that this technique will be available for 
the antenna batteries. 
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4.4 AN TTE 

4.4.1 Function. The attern measureme ent can be conducte 
antenna as a receiving o r  transmitting syst 

mode, However, this does not eliminate the requirement for a signal source in the 
spacecraft. In addition to serving as back-up for the pattern measurements in the 
event of a receiver failure, transmitters or signal sources are  required to generate 
RF power for reflected power measurements during component checkout, and for  
receiver calibration prior to pattern measurements. Although not required in this 
experiment, secondary uses for the transmitters could be to transmit voice and TV 
test data from synchronous orbit. 

merits of each are discussed in 
, Section 1, and a selection made for the antenna to operate in a receiving 

4.4.2 Specifications. Equipment specifications are discussed in Appendix II and 
summarized below. 

Receiver and Transmitter Parameters 

Frequency Receiver Transmitter 
(GHz) Sensitivity Dynamic Range Maximum Power Output 

0.1 -100 dbm 40 db 100 watts 

1 .0  -100 dbm 40 db 1 0  watts 

6 . 0  -100 dbm 40 db 1 watt 

4.4.3 Available Systems. It is not anticipated that off-the-shelf space qualified 
equipment will be available at all test frequencies desired. Current ground equipment 
is too bulky and power consuming to be used as is. However, circuit technology and 
packaging techniques a re  adequate to meet the specifications and no major development is 
required to design and fabricate this equipment, 

Further design of this system is currently in work on Contract NAS W 1438 and will be 
published in the near future. 

4.5 DYNAMIC§ AND ATTITUDE CONTROL. A detailed structural and control 
dynamics analysis was made of a 100 ft. diameter antenna concept. The previous 
expandable truss antenna design (NAS-W-1438) was constrained to be controlled by 
the CSM using the existing reaction control system (RCS) hardware. In that study it 
was established that the fundamental measurement and experiment mission could be 
accomplished within the prescribed restrictions. It was, however, obvious that the 
CSM RCS was poorly matched to the task of controlling a large antenna; further, it 
provided no means for control once the CSM undocked. 

Proper matching of the control system requirements to the mission demands lead to 
lighter more reliable systems and permit a worthwhile saving in structural weight. 
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This structural weight saving is rea ized because the reduced control torque and 
impulse magnitudes permit a much more flexible structure. 

The attitude contr 
experiment with the intent of providing a two year life with high potential for up to 
five years of life. A combination of RCS and inertia wheels has been configured to 
provide all levels of control performance which have been defined. Attitude refer- 
encing will be by combinations of horizon scanner, solar aspect sensor and star 
trackers. 

system has been designed for  the 100 ft. parabolic antenna 

Mode shapes, deployment dynamics, and RCS analysis has previously been prepared 
in Feasibility Study of Large Space Erectable Antennas, Interim Final Report, 
NAS-W-1438. Following is a discussion of the main dynamic problems, sensors and 
control systems. 

4.5.1 Attitude Control. 

4.5.1.1 Functions. The attitude control system (ACS) has been configured for the 
100 ft. parabolic antenna experiment with the intent of providing a two year life with 
growth potential for up to five years life. Although the satellite will be unmanned 
for the bulk of its life there will be periods of manned activity which will effectively 
alter many of the basic system parameters (e.g, , mass, moment of inertia, vibration 
properties). It may be desirable to place the burden of control, during that time, on 
the manned vehicle; however, the satellite control system will be designed to operate 
either in the manned or unmanned mode, 

In either mode the ACS will be expected to provide for gross attitude changes and also 
fine pointing control to within + 0.03°. To fulfill these requirements a combination of 
cold gas RCS and inertia wheelcontrol has been selected and sized.. 

For attitude sensing, various levels of precision and redundancy are  included. A 
combination of horizon scanner and solar aspect sensing will provide attitude informa- 
tion to within - + 0. lo and three star trackers will provide attitude to within - e 0.02O. 

Figure 4-25 identifies the origin of the 0.030 pointing requirement as a consequence 
of the high frequency tests with the 100 ft. antenna. Figure 4-26 summarizes the 
angular rate control capability which must be available to accommodate the several 
experiments. This figure also shows the rate performance of both the RCS and 
inertia wheel systems. 

Attitude Sensing. The most stringent pointing requirement faced by the parabolic 
antenna experiment occurs during pattern mapping. This value has been set at 
- + 0.03O. Relaxation of this value to the point of permitting attitude to drift t h roua  
many degrees (perhaps lo) ,  during periods of inactivity, are also probable. In 
order to point to + 0.03O it will be necessary to measure attitude to within + 0.02' or - - 
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Figure 4-25. Parabolic Beam Pointing Requirement for 1 db Pointing Loss. 
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Figure 4-26. Pattern Measurement Attitude Control Requirements. 
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better. The only inst ent capable of this precision over a long period of 
the star tracker. These devices i de ~ n f o ~ a t i o n  relative to 
reference of the c sphere once they are brought to within acquisition range by 
some coarser sensor., The coarser sensors which will provide this service and 
which will act as prime sensors when less precision is required will be a horizon 
scanner and a solar aspect sensor; each accurate to within + 0.1'. Figure 4-27 
illustrates the sequence which is followed when using star trackers to  point the 
antenna beam to an arbitrary position in inertid space. 

MAINTAIN STAR LOCK-ON WHILE ANTENNA 
SLEWS RATE PER AXLS 0,04 DEG, ;SEC, 
USING INERTIA WHEELS \ 

FROM INITIAL ATTITUDE KNOWN TO 
0.1 DEG. COMMAND STAR TRACKERS 
TO SEARCH FOR & LOCK ON 
REFERENCE STARS 

COMMAND TRACKER ANGLES 
POINT BEAM AT TARGET 

Figure 4-27. Acquisition of Inertial Target from Inactive Attitude Hold, 

4.5.1.2 System Selection. 

Reaction Control System Geometry. A minimum of six fixed reaction devices are re- 
quired if attitude control about three body axes is to be accomplished. Furtiher a 
minimum of 12 fixed reaction devices are  required if the simultaneous control of 
attitude and translational velocity is desired. In some circumstances it may be 
advantageous to use additional motors in order to meet all system restraints. For  
the configuration of this study four basic concepts were examined as candidate systems. 

System A. This is the most straight-forward approach from a purely geometric point 
of view. A Cartesian coordinate set is established in the antenna so that the Z axis is 
colinear with the axis of symmetry and the X Y  plane is parallel to the plane of the 
antenna. 

A s  shown in Figure 4-28, pairs of motors are arranged so that moments and or 
forces can be produced about or along the X, Y and Z axes and hence for any arbitrary 
axis, The motors are desirably but not necessarily located symmetrically about the 
satellite center of gravity. Independent of the CG location the firing of any completely 
opposed engine pair (as in the sketch) will produce a pure couple; presuming the engines 
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matched in thrust and we 1 aligned. Engines paired either 
side of the origin but pointing in the s e ~ r e c ~ o n  pro 
translational force. 

System Be System A places certain premiums on the 
special location of the CG relative to the motors. In the 
special case where the origin of the coordinate axes is 
also the CG a consolidation of motor stations is possible. 
From the sketch for System A it can be seen that the Z 
axis can be permitted to rotate into the X axis with no 
change in the available torque picture; however, the 
ability to thrust in the X direction is lost and can only be recovered by adding four 
additional engines along the Y axis and pointing in the X direction. A third approach 
to the problem eliminates the requirement at the expense of introducing cross coupling 
into the control logic. 

Figure 4-28. System A. 

System C. System B uses four sets of four motors each. One of these sets can be 
eliminated by disposing the remaining three sets at 1200 intervals around the peri- 
phery of a circle lying in the X plane and centered at the origin (i. e. CG). As with 
System A and B this arrangement will provide complete control of forces and moments 
but not by firing simple engine pairs. Further the average thrust level per engine 
must be variable if a moment with zero net force is to be generated. For example, 
to torque about the Y axis of the system, shown by Figure 4-29, it is necessary to 
fire the motors labeled 1, 2 and 3 with 2 and 3 firing at 
half the level of 1. This thrust variation would be 
accomplished through some form of modulation of the 
motor valve current. 

System D. This concept, as shown by Figure 4-30, 
eliminates the requirements for thrust vulnerability 
and the location of the CG in the plane common to the 
engine sets. 

Reaction Control System Selection. Systems A and 
D impose geometric restraints on the antenna 
configuration in, the interests of simplified control 
logic. These gains are, however, largely analy- 
tical and do not seriously add to the complexity 
of the implementation. Between systems B and 
C there is a reliability gain in the elimination of 
one propellant tank location if C is implemented. 
This simplification is achieved at the expense of 
more complex control logic; it requires a variable 
thrust capability which can be achieved by pulse 
width modulation done on an open loop basis. 
That is ,  a good estimate of the thrusting time to 
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Figure 4-29. System B. 

z= 0 
Figure 4-30. System D. 



correct a given attitude e r ror  w i  be made and the time of the shorter 
those engines which wil 
of the period. The pri ntent of this meth is to avoid excessive valve cycling 
and attendant loss of r e l i ~ i ~ i t y ,  A spare engine package installed by the astronaut 
would then backup three thrustor points instead of four, 

on for the whole riod, can be computed as a fraction 

In spite of the increased control system complexity, the physical compatibility of 
System C with the geometry of the satellite and with a higher reliability potential 
was selected for the RCS of the parabolic antenna. 

Attitude Control Jet Arrangement, In System C, for a right hand orthogonal system, 
nozzles are located at (0, 1, l), (1, 0, 1) and (1, 1, 0) (for convenience, these are 
noted to be the octal numbers 3, 5, and 6). Nozzles are  pointed in directions (O:l:l), 
( l : O : l ) ,  and (1:l:O) (again 3, 5, and 6) and in the opposite directions, Twelve of the 
18 possible combinations of nozzles and positions are used leaving six unused where 
indices are equal (colinear). These position vectors R3, R5, and%, and the force 
vectors F3, F5 a n d 5  and -F3, -E and -q yield the following torques, 

- -  - -  

- 
T36 = E3 X T 6  - - -  
-T36= R3 X F 

-6 - 
T53 = F5 X F3 - - -  
-T53 = R5 X F 

-3 - 
T56 = 'i; XF6 

-T =x XY-  

T63 = E6 X r 3  

-T = z 6 X F  

Ts5 = R6 X F5 

- 
56 5 -6 - 
- 

-3 - -  63 - 
-T = F 6 x F  

65 -5 

- - x, +% - z1 

-7 -7 +z 
x l - Y  1 + q  
-S -Y+T 
+xl + Y1 - z1 

+Tl - Y1 - z1 

5 1 1  -x + ?  -T1 
x - Y1 - z1 
-y +-Y +T1 

1 1 

1 1 1  
- - -  

- X + Y  - z  - -  

- - -  
-T-+=T+z 

1 1 1  
_ . -  

- U + T  

1 - - -  
1 

1 1  

Torque about the three axes can be accomplished without translation by applying: 
- - - 
T35 - Ts5 = 2Y1 
-T- +T =-2Y1 V ?  

(F5 - F5 = 0) - 
35 65 

_I c 

= -2T  (F- - IT = 0 )  

= -2F1 (F3 - F3 = 0) 

1 6 
I t  

T36 - T56 
-T + T56=+2'Tl 

T53 - T63 - 

- - 
- 36 - 

I t  
- 
-T + T 6 3 = + 2 %  
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Torque about the vehic is accomplis~ed by: 

- - I___ - T  +T +T 
T35 -'36 53 56 63 T65 

and the forces 

and the reverse spin torque is applied by the opposite six jets. 

= 'ff + 7 - T +Y1 -y + T = 0 
T35+T53 1 1 1 1  

while the 

F + F  =?r +Tf + 2 8  
3 5 1 1  

There are six such symmetric pairs. Combinations such as 

- - - 
T35 + TS3 - T36 - TG3 = 0 

while 

- - -  - F = -y +?, six such (inefficient but usable) forces can be used to 
F 5 + F - F 6  3 1 translate the spinning satellite. 

4.5.1.3 System Design. The torque environment of the synchronous equatorial orbit 
derives from gravity gradient and solar pressure considerations. 
gravity torque is intentionally kept low by striving for the condition that I x  = I y  = Iz; 
which is the case of all three principal moments of inertia being equal o r  nearly so. 
Solar torque, although measured in milli ft. lbs. ~ integrates to an appreciable 
momentum over a period of two years. 

Of these two, 

The chosen configuration was found to have an average worst case solar torque of 
1 . 3  x ft. lb. Over two years (63 X l o 6  sec. ) the angular momentum from this 
source is 82 X 103 ft. lb. sec. Using cold gas at Isp = 60 sec. and an average arm 
of 40 ft. the propellant weight is 33 lb. for the subject axis. Since any of the three 
axes. could be considered to be the worst case axis it was decided to provide each of 
the three RCS stations with the propellant reserve to accommodate the worst case 
(i. e., 33 lbs. per  axis). A velocity correction allowance of 20 ft/sec. accounts for 
an additional 70 lb., while special pattern measurement requirements add on 28 lb. 
The satellite total will be 197 lb. distributed equally between the three tank locations. 

' 

A thrust level of 5.0 lb. and a minimum impulse of 0 . 1  lb. sec. will provide control 
which is adequate for the maximum and minimum rates planned for this configuration. 
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0 2 O  was demonstrated for a related configuration in 
matched to the satellites requirements. 

Inertia Wheel Sizing, 
two year mission there is concern over the ability to provide valves with sufficient 
reliability. A drastic reduction in the nmnber of valve cycles can be achieved by pro- 
viding an inertia wheel system to absorb cyclic torques and to act as the fine torque 
source during precision pointing limit cycle operation. Slewing rates higher #an a 
few hundredths of a degree per second will still require activation of the RCS a$ will the 
desaturation of the inertia wheels. 

the RCS has been sized to accommodate the entire 

Initial inertia wheel sizing in the more critical pitch axis led to a requirement for a 
100 ft. lb. sec. wheel with a torque capability of a few tenths of a ft. lb. ; however, 
the spiral scan maneuver described in Appendix I1 overrides other requirements, From 
Figure 11-15 of that section it can be seen that experiment duration on the order of 
three hours (as preferred) will dictate an angular momentum storage capacity of 
100 ft. lb. sec. with no allowance for external torque compensation. This reserve 
capacity was set at 50 ft. lb. sec. to yield a total capacity of 150 ft,  lb. sec. and a 
torque capability of 2.0 ft. lb. 

Since both pitch and roll axes are  involved equally in producing the scanning motion the 
corresponding wheels will be sized identically. The remaining yaw wheel is visualized 
as a backup for the pitch axis wheel since the yaw wheel is gimballed so that it can be 
rotated to be effective as a pitch wheel; consequently, the yaw wheel will also be sized 
at 150 ft. lb. sec. and 2.0 ft. lb. 

Overall Torquer Configuration and Features. Figure 4-31 illustrates the fundamental 
geometry of the RCS and inertia wheel system for the parabolic antenna. The three 

YAW 
ROLL 
PITCH 

Y 

WHEEL CAPACITY- 
150 FT. LB. SEC. 

RCS STATION LIE 

+ 1200 .. 

~- 

INXYPLANE - ZAXIS 
COLINEAR WITH BEAM AXIS 

Figure 4-31. Parabolic Antenna Control Geometry. 
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motor sets are locate 
pointing mode of opera 
vector and +Y is the result of 

e ea 
of the orbital velocity 

From the control point of view the question of which is the pitch and which is the roll 
axis is arbitrary in light of the symmetry of the parabolic antenna. It is quite possible 
to rotate the antenna about the 2 axis to interchange the X and Y axes and consequently 
the pitch and roll inertia wheels. This is a valuable feature in the event of a pitch wheel 
(high duty axis) failure. Further, it may be desirable to periodically rotate the antenna 
through 900 about the Z axis to both switch and reverse (every 180°) the duty for the 
X and Y axes. The decision to make these changes and the necessary command originate 
at the ground station, but some control logic switching would take place onboard at 
receipt of the command signal. 

The difficulties arising from the non-orthogonality of the RCS and inertia wheel axes 
are largely of a software nature and will only slightly complicate the control system 
electronics. 

In the event of a total o r  partial failure of the inertia wheel system, the RCS will still 
have nearly a two year capability remaining, insofar as capacity is concerned. The 
major concern is the reliability of the RCS valves when the number of cycles increases 
by orders of magnitude over operation with wheels. To alleviate this problem it is pro- 
posed that each rocket nozzle will have two control valves and one selector valve. The 
selector valve will remain in the position to feed the number one valve until a failure is 
detected; at that time it will switch to feed the number two valve. Should both valves 
fail the selector will switch to an off position to preclude leakage losses. 

Loss of one motor o r  several does not necessarily abort the mission; however, it does 
imply the gradual acquisition of undesirable velocity errors. Uncorrected, the accumu- 
lated A V will cause the satellite to oscillate about its initial location at the neutral 
stable point selected for the mission. Elimination of velocity e r rors  will require 
periodic reorientation and thrusting with the RCS. An allowance for 20 ft/sec. has 
been made. 

4.5.2 Structural Stiffness. A s  compared to the parabolic antenna configurations of 
Reference 1 the structural mass and stiffness of the improved concept in this report 
are considerably reduced. Further the distribution and location of the concentrated 
masses (RCS, solar panels, feed, CSM) are such that a significant change in the mode 
shapes and frequencies can be expected, as cbmpared to the earlier study 100 ft. 
parabolic antenna modal results. The reflector basically has a natural frequency of 
2.8 cps without the feed and 1.5 cps with the feed. 

In particular the location of the CSM at the feed can be expected to produce a significant 
reduction in the lowest natural frequency mode which sees the antenna and CSM acting 
as rigid masses attached to an elastic beam (made up of the feed support legs). 
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Fortunately the maximum torques which can be obtained from the inertia wheels are 

study. A detailed analysis now in progress w 
accuracy for the subject configuration, with and without the CSM docked. 

er  than those found to be tolerable in the control analysis of the previous 
determine the limitations OD pointing 

Typical effect of structural stiffness can be seen in Figure 4-32. 

c 0.015 
RCS 
BURN TIME 
AS FRAC- 0.010 
TION OF t 

01 I I I I 

0 1. 0 2.0 3. 0 4. 0 

NORMAL FIRST MODE 
FREQUENCY (CPS) 

Figure 4-32. Fuel Usage During Attitude Hold. 

Pointing Accuracy. 100 ft. parabolic antenna pointing accuracy to greater precision 
under more difficult circumstances than encountered here and with a far leea well 
matched control system was analyzed in the previous study. The configuration with 
the CSM docked to the antenna feed instead of on the back of the antenna, will un- 
doubtedly lower the vibration frequency of the critical bending mode; however, stability 
has been demonstrated to 1 . 0  cps at 0. lo and to 1.4 cps at 0.020, These resuIts from 
Reference 1 are shown in Figure 4-32 (Ref.). 

4 . 5 . 3  Docking and Separation. Initial docking occurs while the antenna is still qttached 
to the SLA and SIVB. Prior to contact, the CSM at mass Mi has a velocity of Vi ,  relative 
to the antenna, §LA and SIVB which have mass M2. Fromconservation of linear 
momentum M1V1 = (MI + M2)V2. The energy change will be 

) 
1 2 1  
2 1 1  1 + M ,  

6 E = - - M V  ( 

The minus sign indicates an energy loss which must ultimately be dissipated in the 
docked assemblage of structures. 

The docking mechanism will absorb some part of this energy prior to latching but the 
remainder will appear for a time as strain energy in the feed, folded reflector truss,  
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condition, 

Assuming a spring constant for the structure of K, the change in stored energy due to a 
deflection X is: 

PE = LIX + 1/2K? which is also equal to AE. The total load will be: 

Solving the energy expression for X and substituting into the expression for $ yields: 

Typical values for the pa rme te r s  in question are: LT = 3000 lbs., L1 = 2000 lbs., 
VI = 0.15 ft. /sec., M1 = M2 = 700 slugs. Solving for K yields a value of K = 0.63 
X lo6 lb. /ft. as the maximum axial stiffness which will not exceed the docking probe 
axial design load of 3000 lb. 

The preliminary evaluation of force vs. deflection of the packaged reflector shown in 
Figure 4-33 indicates an initial spring rate K = 
6000 lb. /ft., which is two orders of magnitude 
below the allowable 0.63 x 106. 

Other loads associated with the separation se- 
quence will be of a lesser m&itude than the 
docking loads. 

Control during this phase is considered to be 
straight-forward since the undeployed antenna 
package is very similar in its mass properties 
to the ascent portion of the LEM; a combination 
the CSM-RCS is designed to handle. A INCHES 

4 .5 .4  Deployment Dynamics. 
Figure 4-33. Spring Factor Of 
Packaged Antenna 

Truss Element Loading. Deployment dynamics of a three dimensional truss of this 
type can be developed in an automated program where springs factors may be varied 
to determine the optimum condition. Within the present task level a worst case was 
considered to demonstrate the limiting parameters. 

Assuming a free spring driven deployment system, at the instant before full deployment 
a velocity profile exists over the antenna. With minor deviations this profile will be zero 
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at the center of the antenna and maximum at the periphery. The energy associated 
with these velocities will set the structure into oscillatory motions which will eventually 
be damped through structural and frictional damping inherent in the design. The worst 
case element is probably one associated with a peripheral RCS station as illustrated in 
Figure 4-34. The velocity to be dissipated (a is considered to be coaxial with the par- 
ticular truss element defined. 

A conservative representation of 
this situation can be made by 
assuming that the element is the 
only one reacting the momentum 
of the RCS station and that the 
stiffness at the inboard attach- 
ment is infinite. This reduces 
the problem to one of a single 
degree of freedom spring mass 
system with initial velocity k. 
The spring constant for the beam 
in compression or tension is 

where: E = Young's EA 
L 

k = -  

Modulus, A = Cross sectional 
area of beam, L = Beam length. 
Natural frequency of the system 

where the mass of the 

RCS station, W = 150 lb. The maxi- Figure 4-34. Peripheral RCS Station. 
mum deflection of the oscillating 
system X is related to the initial (and maximum) 2 by k = LOX. Maximum longi- 
tudinal s t ress  in the beam is: o = F A, where F, the force, is F = X k. Combining 
these equations gives o max = k $. - Typical values of these parameters are: 

7 2 

max 

E = 10 1 b . / b 2 ,  M = 0.39 lb. sec, /in. , L = 163 in. 
2 2 

A = 0.154 in. , o max = 30,000 lb. /in. 

k for these values is 54 in. /sec. = 4.5 ft. /sec. 

More practically the momentum would be absorbed, in part, by other truss elements, 
and L might effectively double. In addition, locally heavier beams could be used; 
however, it is feasible that radial velocities at the rim will not exceed or  can be 
controlled not to exceed the truss element allowable of 4.5 ft. /sec. 

Model tests with various spring loads could be used for the initial design of the full 
scale structure. Deployment tests of an antenna element and finally the full scale 
antenna may be repeated and springs changed to reduce the end velocities to 0.5 ft. /sec. 
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Redundancy in the structure m i n ~ i ~ e s  the pro 
be s ~ r i n g s  co 

of matching springs. Vari 

ysis of deployment amics is presented n Reference 1. 

Truss Element Bending Moments. A typical surface element of an expandable truss 
structure consists of a pin ended beam with a spring actuated hinge at its midspan. 
This beam is initially folded double and, when released, will straighten. At  the 
instant of becoming straight the distribution of deflection Y(X, t), along the beam of 
length X = C,  is Y(X, 0) = 0. The velocity distribution will be: 

C , o <  x <  - 
C - - 2  

- a y  (x,t) 2x11 -- - at t =  0, 
a t  

C C 
= h - 2 (X - y) h, - < X <  C 2 -  - 

where h is the velocity at mid-span. 

If no energy loss is assumed for the motions in 
the X direction the velocity distribution in the Y 
direction can be determined from the change in 
potential energy as the spring hinge rotates 
through 180'. 

The spring characteristics will depend on the 
type of mechanism chosen, but will have the 
general property shown at the right. 

a. 

b. 

6. 

A maximurn moment will be encountered 
during the rotation. 

A final value or preload moment will be 
present, when the hinge locks this 
could also be Mmax. 

The potential energy change APE = 

1 Final 
MdF3 , will be negative. 0 

Dynamics Analysis. The solution to the 
uniform beam differential equation: 

_c 
X 

x = o /  x = c  
SPRING HINGE 

9 
HINGE ANGLE 

'Final 

a2y EI a 4 y  
at2 ~6 a x 4  

+ -- = o .  
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where E = Young's Modulus; I = Area moment; A =E Cross sectional area; A =  Mass per 

Fourier Series as: 
w e ,  can be expressed (for the boundary conditions specified) in terms of a 

W 

n n x  *h 1 1 s in=  sin - sin w t 
2 C n Y(X t) = - 

1 n 2  k = l  LL1 n2 n 
2 2  

n r  
n 

The time derivative of this function at t = 0 is: 

n n X  sin - n v  
2 

sin - 
2 

1 

n = l  n 

which has the specified triangular distribution of ? versus X at time zero, The 
expression for bending moment distribution in the beam is: 

a 2 Y  M(X t) = EI- 
1 3 x 2  

(4-1) 

(4-2) 

(4-3) 

Differentiating equation 4-1 twice with respect to X and substituting into equation 4-3 
yields: 

03 

sin sin t (4-4) 
nlr sin - M ( X t ) = 7  2 - 

wn 

8 h E I  1 
1 C 2 2 n 

n =  1 

If structural damping is ignored it is possible to set a maximum value on M(X, t) 
associated with the condition that all of the components of equation 4-4 are in phase at 
the middle of the beam. cn 

8hE1 2 o_ 1 sin- n n  
M m a x = C 2  2 

The summation 

hence: 

I1 h = l  

1 s innn  - = 1.23 
2 n =  1 

= h  , / A m  
max 

M 

(44a)  

(4-5b) 
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e m  

cp m 

For this gives: 

= 30,000, an h = 420 in. /see. c 
max If0 tolerated. 

The initial midspan velocity h can be determined from a knowledge of the potential 
energy associated with the hinge moment versus rotation profile, i. e. 

8 
J Md6 

0 

A t  the instant before the hinge straightens the beam will have a kinetic energy equal to 
the released potential energy according to: 

‘Final /” i’2 (X,O)A6dX= JMd0 
0 0 

2 (4- 7) 

where Y(X, 0) is given in equation 4-2. 

Typically a 5 . 4  ft. lb. torsion spring that reduces to 2 , 7  ft. lb. at lockup would have a 
velocity h = 420 in. /see. and a peak stress of 30,000 psi in a ,028 Al. alloy tube. 

4.6  COMMAND 

4.6 .1  Functions. A command system is required so that a number of vehicle 
functions may be initiated from the ground. Typical commands are associated with 
the initial deployment of the antenna, the control of antenna position, and the control 
of data storage and transmission. During the manned phase most of the vehicle func- 
tions are  initiated in the spacecraft. A l l  anticipated commands are of the type that 
result in relay closures. There is no requirement that digital data be transmitted 
up to the spacecraft. Table 4-3 lists some of the commands that may be required. 
Neither frequency of transmitting commands nor the time precision of execution is 
considered critical for the current synchronous orbit requirements. The rates 
provided by the Gemini o r  Apollo digital command systems are more than adequate 
to meet the anticipated requirements. 
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e 4-3. List of Commands. 

FUNCTIONAL COMMANDS 

Deploy Commands 

High Data Rate 

TV Transmission Mode 

High Speed Record 

Low Speed Record 

High Speed Reproduce 

Low Speed Reproduce 

Tape Recorder OFF 

Select High Gain Antenna 

Select Omni Antennas 

Power Amplifier High Power Mode 

Power Amplifier Low Power Mode 

Power Amplifier OFF 

DIGITAL DATA 

By-Pass Power Amplifier 

Select Star Tracker (one of 3) 

Star Trackers OFF 

Select Control Logic (one of 15 stored pairs) 

Select Solar Aspect Sensor (one of 4) 

Solar Aspect Sensors OFF 

Power Amplifier No, 1 ON 

Power Amplifiers OFF 

Power Amplifier No. 2 ON 

Select Receiver (one of 3) 

Receivers OFF 

Select Transmitter (one of 3) 

Transmitters OFF 

Star Tracker Angles - two 20 bit words 

Horizon Scanner Angles - two 20 bit words 

Solar Aspect Angles - two 20 bit words 
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4 .6 .2  Specification. The command system selected must meet the following require- 
ments: 

a. Receive and decode approximately 32 commands to initiate relay closures. 

b. Receive signals at maximum slant range of 20,000 n.mi. 

c. Operate reliably for a period of 2 to 5 years, 

d. Possess means of detecting e r ro r s  and aborting erroneous commands. 

e. Compatibility with Unified S-Band and MSFN ground stations. 

f. Unique address for the spacecraft to avoid receiving commands directed to other 
spacecraft. 

4 .6 .3  Available System. The Apollo Digital Command System has been selected to 
perform the required functions. The decision to use this command system is based 
upon its meeting the specified requirements and primarily because of its compatibility 
with the MSFN ground stations and the Unified S-band (USB). This command system was 
used successfully in the Gemini program and is planned for all Apollo and Saturn missions. 

The type of commands that are to be utilized are  designated as real time commands. 
The ground control consoles have a capability of transmitting 36 real time commands. 
This should be adequate. However, 6 bits are assigned to real time command in- 
structions allowing a maximum of 64 commands (26 = 64). Sub-bit coding and er ror  
detection insures that the possibility of the spacecraft accepting an invalid command 
is 1 x 10-9. The unified S-band system is selected since it will be used in the space- 
craft to support all communication requirements including command transmissions from 
the ground. 

The command data from the ground is a composite phase shift keyed signal that fre- 
quency modulates a 70 KHz subcarrier oscillator. The 70 KHz signal phase modulates 
the S-band transmitter. In the spacecraft a discriminator demodulates the detected 
receiver output prior to bit detection, decoding and relay energizing. 

4.7 TELEMETRY SYSTEM. 

4.7.1 Functions. The telemetry system includes the equipment necessary to perform 
the following functions. 

a. Monitor temperatures at points distributed over the surface of the antenna to 
establish a profile of critical temperatures for  the antenna structure. 

b. Monitor critical stresses throughout the antenna structure. 
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c. Monitor mechanical interlocks at appropriate points in the antenna struchure. 

d. Multiplex and digitally encode all analog data to binary words. 

e. Multiplex all ON/OFF signals and digital data and format into a serial binary non- 
return- to - ze ro form at. 

f .  Transmit serial digital data to a ground station via the USB telemetry link. 

It is proposed that telemetry data be received at MSFN stations using the same equip- 
ment planned for Apollo and LEM. To accommodate the proposed 12.8 kilobit per 
second rate and different format, a 50 KHz bandpass filter must be added to the ground 
station Telemetry Subcarrier Demodulator and a stored program added to the PCM 
Decommut ator. 

4. 7.2 Design and Equipment. 

4.7.2.1 Instrumentation. To correlate mechanical distortion and stresses due to 
temperature gradient effects, temperature and strain transducers are  located at 44 
locations on the antenna structure, To minimize the amount of wiring and the lengths 
of signal runs the outputs of groups of transducers are to be conditioned and multi- 
plexed into single high level pulse trains, and routed to the PCM Data Processor for 
further processing and formatting. 

Figure 4-35 is a block diagram of the telemetry and instrumentation required to 
mechanically checkout the antenna structure. Thermocouples located at positions dis- 
tributed across the surface of the antenna are  connected by small gauge thermocouple 
wires  to a common reference junction. Low level signals at the output of the reference 
junction are  multiplexed into an operational amplifier. The high level PAM output of 
the operational amplifier is routed to the PCM processor for analog-to-digital conversion 
and formating. 
for the 44 temperature measurements. 

One or more reference junctions and multiplexers may be utilized 

Strain measurements are instrumented in a manner similar to that of the temperature 
measurements. However, the instrumentation of a meaningful strain measurement is 
more difficult than that required for temperature. The strain gauge transducer in its 
simplest form is a resistance bridge in which one o r  more of the arms is an element 
cemented or welded to the structure that exhibits a change in resistance proportional 
to mechanical strain. A dc voltage excites the bridge and the output is a low level 
millivolt signal, the magnitude of which is proportional to strain. The outputs of a 
number of strain gauges are multiplexed, amplified and further processed in a manner 
similar to the thermocouple temperature measurements. Two or more low level 
submultiplexers would be located at strategic positions across the surface of the antenna 
to handle the 44 strain measurements. 
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ANALOG LASER BZ. PATTERN DIGITAL ANGLE 

THERMO- 
COUPLES 

SWITCHES 
Figure 4-35. Antenna Telemetry and Instrumentation. 

Microswitches monitor the lock-in of 176 mechanical joints in the antenna structure. 
The switch contacts are open when the members are locked in. The status of the 
switch contacts are scanned and transmitted via the PCM telemetry system. The 
status of the switches are also wired to a display for the astronauts information. To 
minimize wiring, groups of switches are connected to several control shift registers 
that are scanned from the PCM processor with the output pulses transmitted serially 
via a single wire. 

In addition to temperature and strain measurements on the antenna structure, a laser 
surface measurement system produces an analog signal corresponding to distance 
or range and 2 digital signals corresponding to the angles. The required sampling 
rates are 150 cps with a range sample and its corresponding angles correlated in time. 
Accuracy requirements specify that the range sample be converted to ten binary bits. 
The angles are specified by 14 bit words. 

4.7.2.2 PCM Telemetry Processor. The PCM telemetry processor is very sjrnilar 
in function to the Apollo PCM processor. Analog outputs from the instrumentation are 
multiplexed and encoded to 10 bit binary words. These digital words are combined with 
data outputs that are in digital form such as angular data, status of microswitches, 
command verifications, etc. Timing and synchronization words are also added to the 
data and it is formated to produce an Output non-return-to-zero serial pulse stream to 
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the modulator. An output bit rate of 12.8 kilobits per second is based on the following 
rn easurernents: 

Table 4-4. Measurement Requirements. 

MEASUREMENTS 

Temperature 

Strain 

Angular (Laser 
or Pattern) 

Laser Beam 
Distance (one channel) 

REQUIRED 
SAMPLES/ 

QTY. TYPE SECOND 

44 Analog 2 

44 Analog 2 

2 Digital 160 

1 Ailalog 160 

b - 

or Pattern 81 Gain (two channels) 

Switch Status 176 ON/OFF 

Command 
Verification 40 Digital 

14 4480 

2 

2 

lo I 3200 

1 

1 

352 

80 

2928 

8: 12,800 

Because of the accuracy requirements for the laser antenna surface measurement 
requiring 10 binary bits all the analog data will be converted to 10  bit words even 
though temperature and strain measurement accuracies are such that more than 7 
binary bits are meaningless except to monitor small incremental changes, Table 4-4 
shows little allocation for biomedical data. However, during EVA, biomedical suit 
data can be transmitted by modulating a 1.25 MHz subcarrier with both biomedical data 
and voice as planned for Apollo. If additional biomedical data is required a higher 
telemetry bit rate would no doubt result from the added channelization. 

Variable word length would allow a reduction in bit rate but requires greater complexity 
in programming the PCM processor. Allowable bit rate reduction can only be in binary 
increments due to the necessity of coherency with the 1,024 MHz subcarrier frequency 
(TJSB subcarrier frequency). A spare analog 160 cps channel has been included so that 
the PCM processor is compatible with the antenna pattern measurement requirements 
by switching PCM inputs between the laser measurement system and the pattern 
receivers. 

Data transmitted to the ground in real time is correlated with GMT time because time 
code data is recorded on one of the tracks of the ground station tape recorder that 
records the telemetry data. To correlate stored data with GMT time, a time word is 
formated with the PCM digital data advancing one count for each frame of data. When 
necessary to store data in the satellite tape recorder, correlation with GMT time is 
established by relating the advance of this time word to elapsed time during the period 
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that data is in storage. 
assures adequate stabi 

control of the spacecraft system clock frequency 
for the time eo 

4.7.2.3 RF Link. The Unified S-Band System (USB) is chosen as the RF link to 
transmit telemetry data to the ground stations, The USB provides compatibility with 
MSFN and the Apollo CSM communications systems. Furthermore, after 1970 all 
telemetry will have vacated the 225-260 MHz frequency band and will be required to 
utilize the S-band frequencies, In the USB system the serial binary pulse train at the 
PCM processor output bi-phase modulates a 1.024 MHz subcarrier which in turn phase 
modulates the 2287.5 MHz carrier. The USB equipment consists of a transponder and 
an S-band power amplifier. The transponder contains receivers and low power trans- 
mitters. The S-band P. A. consists of two TWT power amplifiers, a triplexer, power 
supplies and switch circuitry. Figure 4-36 shows the interface between the instru- 
mentation and the PCM processor. 

CSM USB INTERFACE 

t 
EVA BIOMED 
DATA 

SERIAL CLOCK 
PCM 

Y Y 
DOWN VOICE 

100' DISH TAPE RECORDER 

Figure 4-36. RF Link. 

4.7.2.4 Telemetry Antennas. The Apollo spacecraft is supplied with a high gain and 
omni-directional telemetry antenna system. The high gain Apollo antenna will provide 
coverage in directions about the aft of the CSM and can be used when the 100 ft. para- 
bolic antenna is pointing toward the earth. The 100 ft. parabolic antenna will affect 
the Apollo omni-telemetry coverage in two ways, It will create a shadow cone of 
approximately 120° behind the antenna, and act as a reflector generating a secondary 
pattern (see Figure 4-37) from the omni-antennas. 
would best be determined from scale model configurations. 

This pattern is not predictable and 
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TLM ANTENNA 

120° SHADOW 

M O L L 0  
OMNI 

MOLL0 HIGH GAIN \ (5O, 1l0, 6 8 O )  
I 

Figure 4-37, Telemetry Antennas. 

An additional omni-antenna system is required on the parabolic antenna to both cover 
the 120 shadow region behind reflector and provide omnidirectional coverage for the 
parabolic expandable antenna truss experiment when operating without the CSM attached. 
Final placement and pointing of the low gain antennas to optimize coverage would be 
accomplished from scale model pattern data. 

0 

In summary, there is an interface problem between the Apollo and experiment tele- 
metry systems to be solved by antenna switching arrangements. Telemetry antenna 
coverage will be optimized from scale model pattern tests. 

4 -48 



The end of the ed compartment will provided with a 
hes and hatch, ring and latches wi tilize existing 

Apollo hardware. The docking ring will be utilized to extract the antenna experiment 
from the SLA. The CSM will dock with the feed compartment of the antenna and after 
operation of the separation system will back the experiment out of the opened SLA, 

4.8.2 Docking Loads. Docking loads are discussed under Paragraph 4.13. 

4.8.3 Umbilicals. Life support and instrumentation umbilicals are required between 
the antenna feed compartment and the CSM. In additioqair circulation will be required 
during the period when the hatch between the feed compartment and the CSM is open. 

4.8.3.1 Life Support System. 
between the CSM and the feed compartment. Suit connections for respiration, cooling 
power and communications are required for work within the feed compartment and 
for EVA inspection of the antenna. 

The MDA type of life support umbilical is required 

4.8.3.2 Instrumentation Umbilical. An instrumentation umbilical is required between 
the feed compartment and the CSM . The purpose of this umbilical is to transmit 
certain primary status information for display within the CSM. The information dis- 
play will give gross system information on antenna power, cabin atmosphere and 
antenna performance. 

4.9 DATA STORAGE. 

4.9.1 Function. The purpose of the tape recorder is primarily to provide a capability 
to record data during periods when it is inconvenient or  impossible to transmit 
telemetry data to a ground station. This is especially true when in orbits lower than 
synchronous or if the space-to-ground link is interrupted or becomes marginal due to 
antenna pattern nulls during an experiment. On command the non-return-to-zero 
serial digital signals at the output of the PCM processor are recorded. At some con- 
venient selected time, on command, the recorded data is reproduced and transmitted 
to the ground station. 

The recorder might also prove useful to store the antenna instrumentation data with 
playback and transmission via the large antenna to take advantage of the antenna gain 
in transmitting data to the ground. To minimize ground station operating time, instru- 
mentation data might be recorded for later high speed dump. 

4.9.2 Equipment. The Apollo tape recorder with little or  no modifications is compatible 
with the interfaced equipment and is tentatively proposed to fulfill the tape recorder 
requirements. However, it is advisable that a search be made to find a tape recorder 
that more closely meets requirements. The Apollo tape recorder is deficient in digital 
storage capacity and provides more capacity to record analog data than is required. 
The Apollo recorder characteristics are described in Appendix 11. 

4.10 ANTENNA TOLERANCE MEASUREMENTS SYSTEM, 

le. 10.1 Function. 
on ground antenna for many years. Because of this prahlem Convair was requested 
to emphasize this aspect of the study. One of the difficulties with present large ground 

Large antenna surface contour measurements have been a problem 
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based antennas is correlation of the electromagnetic radiation panern to b optimum 
with the physical nature of the dish, which deviates from the ideal paraboloid. Bracewell 
has summarized this aspect as follows: 

I t a  * .  The customary procedure of taking radiation patterns and making the 
final adjustments semi-empirically has usually been satisfactory, but two 
difficulties have been setting in with the trend towards large antenna of 
high gain. First, it is impossible to measure the radiation pattern of W 
largest existing antennas (ground based antennas); even the determination of 
single sections through the pattern o r  the gain in one direction presents 
difficulty. Second, the adjustments themselves are more laborious on larger 
antennas". . , "In the case of paraboloids, the deterioration in directivity is 
found to depend on the mean square depature of the surface from the paraboloid 
of the best weighted least - squares f i t  and on the two dimensional autocorrelation 
function of the departure. " 

The purpose and intent of this portion of the antenna experiment study was development 
of a technique for making independent surface measurements of the antenna surface, 
which then is correlated with other parameters to achieve optimum radiated directivity. 

If directivity is defined as (from Bracewell): 

Power radiated per unit solid angle in direction of maximum response 
Average power radiated per unit solid  angle^ D =  

and in terms of E ,  the complex fractional departure from uniformity, the directivity 
factor becomes 

1 - 1 - = (1 + E  ) (1 + E  )* 1 +  <E E*> 

The quantity < E  E*>,  the mean squared modulus of the complex fractional departure 
from the mean aperture distribution, is conveniently described as the variance of 
and will be so written; 

The mean square departure of the reflective surface from the ideal paraboloid usually 
must be determined independently of the R F  characteristics, although a technique 
developed by Ruze does achieve the same result. However, his method cannot provide 
isoerror surface contour plots which must be available if adjustments are to be made 
for improvement of the reflector surface controur. 

4.10.2 General Features of Tolerance Theory. For want of better knowledge, reflector 
tolerances are often quoted in terms of limits which shall not be exceeded. However? 
the maximum tolerance is not as significant as the mean square error. Adjusting 
procedures aimed at holding down extreme variations may be different from a pro- 
cedure for holding down mean square error. This all depends op the e r ror  distribution, 
a function which can assume three very different shapes under outside limit conditions. 
I) The er ror  may be truncated Gaussian with root-mean-square breadth much less 
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than the tr fhis case, toler re 
truncation 1, s o t h a t t h e e r  ac UP 
to the limit. 3) concentrated at the limits, 

The first feature to be emphasized is 
quantity, and that the directivity factor D must be taken into account. 

mean square error  is the significant 

' Next is the result that departures from the perturbed mean, not from the design, are 
to be held in check. This result shows up in many different ways, usually with the 
effect that tolerances based on stricter ideas may be relaxed. 

Third, in applying these requirements, Fourier components in the aperture distribution 
with spatial periods less than the wavelength may be disregarded. In reflectors this 
means that fine corrugations can be disregarded, but in the case of broadside arrays 
this matter will be automatically allowed for, if the elements are not spaced closer 
together than a half a wavelength. 

Finally, before setting the absolute magnitude of the tolerance on a standing wave ratio 
or  a dimension, it is necessary to decide what achievement factor is required. 
Tolerances are often set without consideration of the effect on the achievement factor. 
Usually they will be stricter than necessary. Tolerances may be relaxed safely in 
the case of large and costly antennas where full advantage of theory is taken. A 
specification calling for a paraboloid of a certain focal length and diameter, "the 
surface to be true within X/8 "is inadequate. 

Many of the foregoing ideas already have some currency, especially in optics, where 
the ideas of mean square errors  and achievement factor were introduced by Rayleigh. 
Tolerances applied according to these ideas have the effect of maintaining the directivity 
near to the design value. They are not concerned with radiation proceeding along other 
directions than the axis of the main beam. 

4.10.3 Effect of Errors on Radiation Pattern. The superposition principle allows 
analysis of an actual aperture distribution into two parts, the design distribution and 
an e r ror  distribution. Then the radiation pattern of the e r ror  distribution describes 
how the actual radiation pattern will depart from the design pattern. By Fourier 
analysis of the e r ror  distribution, the directions where the effects will be produced 
can be determined viz., in the drections (1, m) where 

and where XI, A2 are the spatial periods of the Fourier component. Of course, this 
result is more useful for qualitative or  theoretical consideration than for numerical 
calculations. 

The appearance of errors  in an aperture distribution causes a redistribution of 
directions in which energy is radiated, and, the energy radiated along the main axis 
is reduced relative to the total radiation, Errors which vary slowly across the 
aperture give rise to radiation components at small angles to the axis, influencing 
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amwidth and beamsha ore rapidly -varying errors  produce side radiation 
Fourier components which are sufficiently fine struc- away from the main beam, 

tured do not affect the radiation pattern at all (but may introduce selectivity and 
sensitivity to neighboring objects). 

To describe the angular distribution of the e r ror  radiation field, the spatial spectrum 
of the e r ror  distribution (strictly, that part of it coarser than the wavelength), must 
be known. If radiated phase is unimportant, as when the error  radiation dominates 
rather than interferes with the design radiation field, then the spatial 'power" spectrum, 
or the autocorrelation function of the er ror  distribution, suffices. 

Beamwidth Beamwidth can be defined in different ways, and the differences are 
critical in the present discussion. First, consider the effective solid angle 0, defined 
as that solid angle into which radiation at the axial intensity would equal the total 
radiation. 

Therefore, the effective solid angle is increased in the presence of errors  by a factor 
equal to the reciprocal of the directivity achievement factor, which measures the 
extent to which the directivity achieves the design value. Let the antenna bf built 
with actual directivity factor D' and actual complex fractional departures E from the 
mean actual aperture distribution, the design values being D and E ,  Then, <, the 
directivity factor is : 

J -  D' I +  v a r ~  
- D  '1 + vare' 

The 3- and 10-db beamwidths behave differently. Suppose that a highly directional 
antenna has small fine-scale random errors with abstract radiation from the main 
beam and spread thinly over all directions. Then the main beam will be diminished 
in strength, there will be a loss of directivity, but no important change in beamwidth 
at the half and one-tenth power levels. Now, if the errors  are enough to have: an 
appreciable effect, the beamwidth to half -power will depend on this error  radiation 
in the directions near the half-power directions. This, in turn, is determined by the 
spectrum of the e r ror  distribution at spatial frequencies of one o r  two cycles per 
aperture width. Slowly varying effects such as excitation taper, warp o r  sag of 
reflectors therefore make their presence felt as changes in half-power beam width, 
Many special cases can be worked out, allowing for the phase with which the e r ror  
field combines with the design field in the particular case. However, the following 
general approximation can often be made. If there are no errors  other than the 
slowly varying kind, and if considerations of symmetry indicate that changes in 
radiated power are the same in both wings of the beam, then the increase in beamwidth 
may be taken approximately from the effective solid angle. If the bulk of the e r ro r  
radiation does not go into symmetrical fattening of the main beam, this approximation 
cannot be made. 

Beamshape 
X p e .  

Two examples discussed earlier illustrate how errors  affect the beam- 

Let an aperture designed for uniform excitation have a small monotonic taper in the 

and therefore the e r ror  field radiation pattern is proportional to the derivative of the 
direction. The e r ror  distribution is proportional to 6 times the design distribution, 
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the quadrature 
um near the points 

gn p a t t e ~  has its nulls. 

The principal effect of gradual taper 
taper the effect is felt closer in on 
half power, Al l  the nulls are destroyed, but the bulk of the e r ror  radiation is directed 
into the vicinity of the first pair of nulls, 

refore, to fill in the nul 
am where it increas 

Consider now a linear phase shift across a uniform array. The e r ror  field radiation 
pattern is just the same as in the previous case, except that there is no longer phase 
quadrature. The main e r ror  fields are produced in the directions of the first pair of 
nulls, but on one side of the beam axis the e r ror  field is in phase and on the other side 
in antiphase. Therefore, less power is radiated on one side and more on the other, 
than before. This qualitative reasoning, which could easily be made quantitative, 
agrees with the finding that the beam shifts without change of shape. 

Side Radiation, Side radiation is any radiation from an antenna proceeding in directions 
other than along the main axis. There is very little distinction in application, therefore, 
between the terms "side radiatioq" and "radiation pattern. " The term sidelobe is some- 
times used as a synonym for side radiation, which can lead to confusion in discussing 
the parts of the radiation pattern just off the main axis. The term sidelobe is here 
defined as one of the domains, not containing the main axis, into which the radiation 
pattern is divided by valley lines. 

Some important types of side radiation, such as spillover from feeds used with 
reflectors, reflections from objects, and effects resulting from feed supporting struc- 
tures, must also be considered in detailed analysis, 

Precise detail in the side radiation is seldom of much interest; generally its strength 
is more important. In directions where the error  radiation field is comparable with 
the side radiation expected by design, complicated details can be expected. Even here, 
however, where the design goes through a null, the strength of the minimum which 
replaces it can be deduced from the e r ror  radiation, and upper limits can easily be 
placed on the maxima in such a region. 

Well  away from the main beamo where the design side radiation is very small, the 
errors  may be the principal cause of radiation. The side radiation level can be 
calculated directly from the error, o r  the average side radiation can be estimated 
from some statistical description of the e r ror  distribution, such as its autocorrelation 
function. 

As a special case, consider a highly directional antenna with a random er ror  distribution 
of such fine structure as to scatter side radiation equally in all directions per elementary 
solid angle, The power radiated in the design pattern is reduced by a factor 6 and the 
scattered power forms a fraction 1 - 5  of the total power radiated. The average scattered 
power per unit solid angle relative to the axial htensity is 

= 2 Dvar q- /D 

This very interesting result relates the side radiation level to the roughness of a reflector. 
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4.10.4 a The construc on of the 250, 210, and 150 
ft. stee Sv&ey, andS nford, and plans for others 

- I  

over 100 ft, diameter in the near future have biought special attention to bear on 
tolerance theory for large paraboloids. The problem for the designers, mainly radio 
astronomers, has been to make a compromise between the size and highest frequency 
of operation permitted by surface inaccuracy on the one hand, and cost on the other. 
In the 50 - 90 ft. size range, the problem has not been insuperable,but with cost tend- 
ing to rise as the cube of the diameteqeven a small relief from the direction of toler- 
ance theory, is welcome in planning for future very large structures. 

It is assumed that deformation of a paraboloid reflector produces changes of phase, 
but not amplitude, in the aperture distribution at the point indicated by ray theory. In 
some areas, also, the inclination of the paraboloid to the aperture plane, is ignored 
and large focal ratios assumed. Some of the assumptions could be improved with care 
in particular problems, but the main objective here is to explore the subject along the 
physical line of approach adopted, and the assumptions seem appropriate to a first- 
order discussion of the effects of errors. 

Squint. Various distortions of the paraboloid and structure supporting the feed at the 
focus are examined. Consider, first, the effect of the feed point moving away from 
the focus of the paraboloid, in a direction perpendicular to the axis. Since the parabolid 
is very large relative to the wavelength, shifts of more than a wavelength o r  so, are not 
contemplated and insignificant amplitude changes result from the shift. The principal 
effect is a progressive phase change across the aperture, in the direction of displace- 
ment of the feed, by amounts easily calculated from the geometry. For high focal 
ratios, it is essentially a linear phase change, with slope proportional to the displace- 
ment, and therefore gives rise principally to an angular displacement of the beam with- 
out change of shape. When this technique is deliberately used for beamswinging, 
directivity deteriorates at high displacements by an amount which is approximately 
calculable by subtracting the linear component of phase shift and examining the resi- 
dual phase and amplitude departures from the design aperture distribution on a ray 
basis. Since, for most purposes, it is suitable to point an antenna by "peaking up" 
on a signal, a small amount of squint is acceptable. Variable squint caused by 
vibration, or  temperature change can be calibrated o r  compensated for if the added 
performance is required. 

@focus. Displacement of the feed point axially also produces phase errors, in this 
case mainly quadratic, but easily calculable in detail from ray geometry. The effect 
is to reduce the directivity and fatten the beam. 
quadratic phase e r ro r  building up to a maximum 
lar aperture is given by 

The reduction in directivity with a 
of A over a uniformly excited circu- 

Therefore, for a reduction to 90%, a maximum phase error of 1.1 radians can be 
tolerated, o r  an axial displacement of less than A/6, depending on the focal ratio, 
and less than X/4 when conventional amplitude distributions are considered, 

With a large reflector there is very little difference between an axial motion of the 
feed point and distortion of the paraboloid which simply changes the focal length, 
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Distortion of a paraboloid by slow temperature change would be expected to contain a 
principal component of this character. 

atism. Distortion of the paraboloid in such a way that the circular sections - ecome e iptical can be expected from a variety of causes, notably, inertia forces or  
temperature gradient. The parabolic sections remain parabolic, but the focal lengths 
range between extreme values in two perpendicular axial planes, and on a ray approx- 
imation, energy received from the axial direction is brought-to focus, not at a single 
point, but at points along a segment of the axis. The extremities of this segment are 
the foci of the extreme parabolas. 

Under these conditions, if a point source is placed on the axis, there is a loss of 
directivity, the best position being midway between the extremes. The phase e r ror  
in the aperture distribution will be approximately of the form 

+ 

which can be rewritten 

6 = (p+ V 2 )  + 
The first pair of terms represents a quadratic phase e r ror  of the type already con- 
sidered under the heading of defocus. Remove this pair of terms entirely by adjust- 
ing the position of the feed on the axis to the midpoint of the focal segment, and the 
remaining antisymmetrical phase e r ror  would constitute the condition referred to as 
astigmatism. The astigmatic coefficient P measures the extension of the focal seg- 
ment. 

If the extreme phase errors  over a circular aperture caused by astigmatism are f A, 
then by integration 

and so the loss of directivity resulting from astigmatism is given by 

4.10.5 Surface Measurements Techniques. In the previous sections, a basis for the 
entire measurement requirement was established. A three dimensional measurement 
of the surface, relative to an ideal paraboloid, must be made if the radiated pattern 
produced by the antenna is to be analyzed and optimized. Directivity of the R F  beam 
is an overall factor of efficiency, which in turn is directly affected by the mean square 
departure of the surface from the ideal. Also, if the surface is to be adjusted to 
achieve a higher degree of contour perfection, surface measurement by an independent 
device is a necessity. 
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In summary, measurement of the surface is done for primary reasons; (1) to deter- 
mine the quality of the reflector assembled in space (2) to determine the effects 
caused by the orbital environment (3) to indicate eontour variations requiring correction, 
and (4) boresight the feed and move it to the optimum focal point of the best 
fit paraboloid of the existing reflector. A large number of conceptual and existing 
methods exist, The intent here is to discuss several, presenting their virtues 
limitations in an unbiased form. The format of evaluation will follow a pattern giving 
a description of the technique, good and bad features, and if warranted, a discussion 
of applicability for its intended use. 

The following ground rules were set forth from an overall conceptual visualization of 
the measurement task, 

a. 

b. 

C. 

d. 

e. 

f. 

Astronaut participation, in the form of visual acuity ,and manual dexterity, 
would be accomplished in the full pressure suit, looking through the visor@). 

A time limit of three hours was set for astronaut manual operation. This was 
based on a requirement that a number of measurements would be made: i. e., 
total darkness, side sun on sun, oblique, etc. 

The technique was viewed with disfavor if requires erection or deployment of 
large complex structures (rails) which inject another set of variables and 
unknowns (t hermal distortions, launch vibrations and strains, tolerances in 
positioning and manufacture, etc. ), 

The method was viewed with disfavor if it requires considerable development 
in the state-of-the-art in a technology. 

Excessive EVA participation with possible violation of safety procedures was 
considered unsatisfactory. These items will be noted as such in the summary 
chart. 

The measurement system must be capable of use on the ground as well as in 
space. This prevents the analysis of two different “yard sticks” rather than the 
antenna. 

This task, as directed by NASA, was to develop and test orbital techniques for antenna 
surface measurements. Power, accuracy, weight and data storage or  relay were 
considered. Opinions of how an astronaut could enhance the proposed tolerance 
measurement system were included. 

Physical measurement of a paraboloid may be accomplished by: 

a. Optical methods e 

b. Mechanical methods. 

c. Electrical methods. 

d. Hybrid variations of the preceeding three methods. 
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easurements may 

a. The vertex., 

b. The focal point. 

C. Or at random locations on the surface or  surrounding space. 

The combinations of hardware, technique and location are numerous. The end result 
is to find the combination which does the job well, meets the requirements, and is 
inexpensive to build and operate, with high reliability. 

4.10.5.1 System 1; Parabolascope. 

Description. A precision optical instrument designed specifically to measure large 
parabolical reflector surfaces has been developed by Whittaker Corporation. The 
instrument, shown in Figure 4-38, consists of a vertical rotatable column defining 
the axis of revolution, a horizontal optical bench that rotates about the column, which 
can be raised or lowered, and two precision alignment telescopes mounted on the 
bench. One telescope is mounted and fixed to sight radially from the column; the 
other is mounted at a fixed angle on a carriage movable along the horizontal bench. 
Both telescopes sight the same target on the reflector surface. 

In operation, the instrument is elevated to a desired height, defining a predetermined 
circle on the surface where sighting tarsts have been previously placed. Radial 
distance to a particular target is found by aligning the reticules on both the stationary 
and movable telescopes. Since one teles - 
cope is fixed and the other is mounted at 
a fixed angle relative to the optical bench, 
sighting the same target defines a right 
triangle. Three axis position data of any 
target is read directly from calibrated 
scales which give the elevation, azimuth, 
and radial distance coordinates (cylindrical 
coordinate system), from the reference 
point, which is usually the vertex of the 
paraboloid. 

Equipment Required. The parabolascope 
is an integral unit requiring nothing more 
than electrical power. In the present con- 
figuration a circular cutout in the center of 
the reflector is required for the instrument's 
mount and support stand. 

Figure 4-38. Parabolascope k i n g  
Sighted to a Target 
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Advanta s. This instrument has the capability of sigh as many targets as desired, 

the parabolascope - which is essentially an optical rangefinder - is that its use permits 
antenna panel alignment in the field after all structural components have been placed 
in position. This prevents the contour distortions that normally result when reassembl- 
ing these complex antenna structures. Repeatability of two sets of readings, indicated 
by the e r ror  of f 0.003 in. is claimed by the unit's developers, however, this can only 
be accomplished under a highly stable environment. A tolerance of f. 010 in. would be 
adequate for the experiment antenna if a RMS of 0.125 in. is specified. 

e ere y increasing the accuracy of the surface contour plot, A principal advantage of 

Limitations. The most demanding restraint governing the use of the paraboloscope 
is the highly stable environment. With large diameter antennas in ground tests tem- 
perature changes as small as 2OF can result in non-uniform expansion, as individual 
structural components vary both in mass and surface area. It is necessary to house 
the reflecror structure in an even temperature environment. Measurements begin 
approximately one hour after ambient temperature has stabilized to i 10F. If, during 
the measuring process, the temperature range exceeds 3'F, work is halted until a 
stabilized condition can again be obtained. Similar operations in space would require 
an extensive temperature sensing system to correlate the variation over f 14OoF. 

The optical bench is required to have near perfect flatness to assure accuracy for the 
moveable telescope when measuring the antenna perimeter. A massive cantilever 
beam supports the bench, reducing load deflections to a negligible level. This could 
be reduced in orbital tests but still must be rigid enough to dampen vibrations. 

A physical limitation immediately imposed on the instrument is the size of reflector 
that may be measured. Depending on F/d ratios, the vertical rotatable column must 
be higher than the vertical distance between antenna vertex and edge height. At 
present, column limitations allow ground measurements of 60 ft. diameter paraboloids. 
Both the environmental requirements and the large bulk and mass of the instrument 
weigh against use of the Parabolascope in space. 

Time Required for Survey. Although this information is highly dependent on a variety 
of factors, it is believed an experienced operator could sight and measure a particular 
target in 2 to 5 minutes. Assuming 5 minutes per target, and 300 targets for significant 
w/D precision, total time is in the order of 25 working EVA hours, which is a major 
factor against the use of this system. 

Expected Resolution. 
an accuracy test, two targets on an Invar bar were located on an antenna surface. 
Individual distance calculations of each set of three readings varied up to 0.010 in. 
from the distance measured on an optical comparator, and the average of all 12 
calculations differed from the measured valve by only 0.0004 in. It was determined that 
errors  in X and Y coordinate readings could differ no more than 0.005 in. for the 
calculated distance e r ror  to be held to 0.017 in. 

Measurements may be made to less than f 0.020 in. During 

A s  a whole, the Parabolascope is not recommended for space use. However, under 
the controlled conditions required for its operation, the unit is certainly applicable 
for measurements of ground based antennas or test of the space antenna on the ground. 
Unfortunately this violates the rule of using a common "yard stick" for both space 
and ground application. 
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4,lO. 5.2 System 2; Multi-Station AnaIytical Stereotriangulation (Photogrammetry) 

Descri tion. This technique exploits highly sophisticated procedures of analytical + p otogrammetry wherein coordinates of photographic images of special target points 
attached to the surface of the structure are measured. The relative spatial coordinates 
(X, Y, Z) of the target points are obtained by means of photogrammetric triangulation 
of corresponding rays from two o r  more suitably distributed camera stations. Since 
the solution in no way depends upon an accurate knowledge of either location of each 
exposure station or  the orientation of each camera, photography from a helicopter, 
captive balloon, or, if in space, taken by a tethered (or M U )  astronaut from the over- 
head position, shown in Figure 4-39, is necessary to obtain the desired accuracy. 

Images are recorded on ultra-flat, 0.25 in. thick photographic plates within a 7.5 by 
7.5 in. format. mate coordinates of images of well defined target points can be mea- 
sured on a calibrated comparator to an accuracy of about 0,0001 in. The proportional 
measuring accuracy achieved on the plate (1:60,000) can largely be preserved, o r  even 
enhanced, in the process of photogrammetric triangulation by correction of lens dis- 
tortions and proper camera angles. 

Plate coordinates of target points become data inputs to a rigorous least squares 
multistation computer program. The program is capable of providing three dimensional 
coordinates of the target points associated with the best fitting, least squares para- 
boloid, the standard deviations of the points, and the focal length of the best fit 
paraboloid. 

Figure 4-39. Ideal Camera Position Exposure Stations. 

4 -59 



Contour maps and vector re 
from the best f i t  paraboloid enting a graphical enta- 
tion of the antenna surface, 

nts 

Equipment Required, Specially designed long focal length cameras (20 to 40 in. ) are 
used for the photogrammetric pro 
0.25 in. glass plates coated with 
or natural light. The plates are processed under controlled conditions and measured 
on an optical comparator. Data of tar 
least squares computer program, yi  
reflector surface, deviations of these points from the best fit paraboloid, and contour 
plots of isoerror contours. 

. These photographs, taken on ultra-flat, 
F emulsion, may be taken with either artificial 

int coordinates are processed through a 
oordinates of the target points on the 

Advantass. On ground based antennas, installation of the special targets (300 to 400, 
pending on antenna size and accuracy required) takes about 3 hours. In a space 

application, the targets would be permanently installed while still on the ground. 
Solar emittance from these targets reflecting to the feed and causing damage may be 
considered trivial, since the actual reflective surface of each target point is about 
0.0705 in. 2. Comparing the surface area of, say 300 targets, to the antenna surface 
area, the ratio is about 1 to 5000 for a 100 ft. antenna. 

A desirable feature of this technique is that all points on the surface are determined 
to essentially the same accuracy; no degradation is experienced in progressing from 
vertex to rim. Also, points on the feed and support structure may also be measured 
with equal accuracy. Since no loads are placed on the structure, the surface is un- 
affected by the measuring process. 

A special feature of this technique allows determination of an instantaneous shape 
distortion caused by slewing. This is done by photographing at night (or in the earth's 
shadow if in orbit) and illuminating the structure by an electronic flash unit mounted 
jus t  below the feed. 

More subtle features of photogrammetry are that the plates are a permanent record, 
analytical triangulation is self checking, and the surface may be measured while in 
any orientation. 

Limitations. Application of this technique to measure an antenna's surface distortion 
while in space is quite feasible, however, a certain level of development in the equip- 
ment and tools would be required. To elaborate, the ultra-flat photographic plates 
must still be used to retain the very high level of accuracy needed, the cameras 
would require modification for use while in space, the exposed photographic plates 
would need to be developed while in orbit, and the point-pair coordinate measurements 
of target points would still have to be measured very accurately. Any degradation of 
quality control in any of the intermediate steps between exposure of the plates to 
computer operation would result in reduced accuracy in the calibrations. Time delay 
now experienced in data reduction into final results is mainly dependent on measure- 
ment of plate coordinates of images using the optical comparator. 

To obtain the desirable cr/D measurement accuracy of 1 to 80,000, three exposures 
at the three overhead stations are required. Obtaining plate coordinates of 300 
images requires a minimum of 8 hours per plate. An astronaut performing the 
same task could easily require twice chis time. For photogrammetry to become 
feasible in space applications, this time must be reduced dramatically, D. Brown 
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Associates of Eau Gal 
in the manufacture of 
1 micron comparator weighing 20 lb, They believe comparator measurements could 
be reduced considerably by a semi-automatic comparator which could be programmed 
to the location of the targets and move from point to point, within a specified circular 
region, with the final adjustment made by the operator. Reduction of operator errors  
are also reduced when the coordinate points are read off of digital counters. Data 
transmission of coordinate points could be handled in either voice o r  coded bits, with 
the ground station handling the computer operations. This semi-automatic comparator 
is within the state-of-the-art technology and will be the prime consideration in deter- 
mining the acceptability of photogrammetry as a measurement scheme for space use. 

grammetric surveys 
nt they have availabl 

Time Required for Survey. 
will require either an bVA task by one astronaut or  a maneuver by the CSM to the 
three exposure stations above the dish. Helicopters have been used for ground based 
antennas requiring approximately 15 min. per exposure. The same task done in space 
would probably require on hour. 

Exposure of the plates, using the long focal length cameras, 

Presently, coordinates of the targets can be obtained in 8-10 hours per plate. The 
semi-automatic comparator would reduce this to less than an hour per plate. Con- 
version of coordinate points to punch cards requires about 2-3 hours and the computer 
program converges to a stable solution in less than an hour. Total time from exposure 
of plates to final outputs (contour plots, target deviations, best f i t  curve) would require 
approximately 8 to 9 hours. 

Expected Resolution. Resolution on the order of U/D = 1/40,000 is readily obtainable. 
By extra care and attention to details, resolution of 1/80,000 can be expected. A 
u/D ratio of 1/40,000 means a measurement uncertainty of a0.030 in. and 10.015 
for 1/80,000 on a 100 ft. antenna,where total tolerance RMS = 0.125 in.. 

Applicability for Space Use. Photogrammetry is a well known technique, having been 
used to calibrate a number of earth based antennas. User requirements dictate the 
applicability of this method for space use. If the 8 to 9 hour time delay per surface 
measurement is not a factop this is a feasible method of determining parabolic antenna 
surface distortions. Extensive training of the astronaut in the various phases is also 
required. mates could be brought back by the crew for ground evaluation of the experi- 
ment. 

The major disadvantage is the time required and would sigmficantly inhibit the astro- 
nauts'ability to adjust the mesh for optimum performance. Radiation damage to these 
sensitive plates at sychronous orbit would also have to be evaluated. 

4.10.5.3 System 3; Optical Pentaprisms. An optical pentaprism technique was 
developed and used on the Raistings cassegrain antenna to ensure surface contour 
accuracies of a"/D = 1/50,000. It is based on an interesting combination of range 
finding and angle measurement, and is relatively inexpensive. 

Measurement of the antenna surface is performed from the vertex. The operator 
views through a telescope, which has been properly aligned to the parabolic axis, 
t a r g e  t s set a particular radius from the vertex. Light is refracted through the 
pentaprism to the targets. For every circle of targets, a pentaprism is required 
whose angle of refraction is as close to the particular 4 as possible. Since it is 
difficult and very expensive to make the pentaprism to an angle within seconds of arc, 

4 -61 



the refracting angle of the pentaprism has an accuracy of f 2 arc min, ?he actual 
refracting angle of the pentaprism is, however, measured to *to. 5 arc sec. The 
difference between the measured and desired refracting angle is compensated by 
locating the prism slightly higher o r  lower in its mount so that the actual point of 
refraction appears displaced to such a degree that the ray refracted by the prism is 
incident on P in spite of the modified angle. 

Figure 4-40 illustrates the principle of the technique. In polar coordinates, any 
point on the surface is given by 

In using this form of equation for the reflector, the area of interest is in the e r ror  
of a small unit of area in the direction of the surface normal N. A displacement in 
the tangential plane alone does not produce any error.  

Referring to Figure 4-40, the er ror  AN of a point P may, be expressed, to a sufficient 
approximation, by 

L \ N = - ~  Ar + r A 8  

In addition, r can be replaced by 

r “N 4 f 8 (Q inradians) 

so that for a root mean square positional error  6 of a point P along the normal may 
be given as 

and 6 will be proportional to r as long as 6 and 6 are independent of r . Angular 
deviauons 6 can be made independent of r dthout  &fficulty. Another problem arises 
in the case & 6, .  I€ the range to point P were measured by range finder techniques 
commonly used in geodetic work, then the positional e r ror  is 

when the base is small compared to r ,  and Y is the parallactic angle between the 
two collimating lines. 

This e r ro r  component 6 r then increases as the square of r . Even if the angle Y 
were measured with greater precision than 8, the total error  would be unacceptably 
large. For this reason r is best measured by other means. 

In the case of the Raistings antenna, range to a particular target point was measured 
by using a precision template. A similar method could be used to precisely define 
points on the erectable truss during manufacturing while on earth. 
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If the position of the target can be located at a point .I? within 5 x 
at r = 50 f t ,  ) and the angle 0 read to within 
from the ideal parabolic contour can be measured to c/D = 1/50,000, 

r ( f ., 030 in. 
2 arc sec. then the deviation of a point 

In addition to the uncertainty of radial and angular measurements, there exists still 
a residual e r ror  of 

A q, = p1 p2 

UP: Po = ASo then A q o  

To a good approximation 

2 A 3, tan 9 

I A So sin (p cosb 

( p Z 0  
n 

then AT, = ASo sin’ 8 tan 8 

If the target was initially properly aligned and positioned, then the deviation from the 
true paraboloid is calculated to be 

2 A S  = p2 p0 = A so sin2 k: AS, sin 8 

If the target is marked in some integer divisible of A S, then the target scribe marks 
can be directly related to surface deviations normal to the ideal parabola. 

Advanta s 
d h .  The shape of the paraboloid is now defined exclusively by the angles 
a! and 0, while its size is determined by the focal length f . A point P- is now observed 
through one telescope. The point is correctly defined when the crosshairs of the 
telescope sight the same scale division on the target through both pentaprisms. 
Magnitude of the scale value is no longer of interest. 

A pentaprism located at the focal point requires one measurement, the 

- 

Disadvanta + measure o each target. As with any scheme that requires an operator to sight 
through a telescope and align the crosshairs to a mark on a target, considerable time 
is consumed. Compounding this with EVA or  cramped air lock restrictions, the task 
could be a burden to the astronaut. At least 300 targets would be required for any 
precise definition of the surface contour. Astronaut time to sight this many targets 
could. exceed (in this investigator’s opinion) 3 to 4 hours. In synchronous orbit, 
variation of sun angles on the structure and the thermal distortions expected could 
make the surface measurement data of questionable accuracy, since too many other 
variables are introduced over this length of time (structure thermal distortions at 
variable sun angles, operator fatigue, movements of the ideal focal length, etc. ), 

Time Required for Survey Probably the most controversial trade -off to be considered 
in any manned space task is the man vs. automation vs reliability interface. Auto- 
mation of the components to reduce survey time is conceptual at this point and would 
require sufficient developmental effort to achieve a working system. Considering 
state-of-the-art techniques, a system could be built which would require 3 to 4 
hours of astronaut time per entire dish survey. 

s The technique has the disadvantage of requiring an absolute range 

Form of Raw Data 
if manual readout is desirable, or electronic resolvers for automatic readout. 

The most logical form of target coordinate data would be digital, 
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Astronaut Participation. h its simplest form, this system is a manual operation 
throughout. Survey errors  are primarily dependent on operator proficiency and 
secondarily on the environmental constraints. To eliminate the boredom of survey- 
ing upwards of 300 target points, automation is a must. Astronaut participation 
should be resolved to the highest level possible, where the most use is made of his 
senses, especially his eyes, whereas electro -mechanical components performing 
similar functions would be large and complex. Menial tasks, such as turning a 
crank, would be automated. 

Applicability for Space Use., 
definition of machineman interfaces might possibly result in an optimum system. 
However, the desirability of this system is still subject to criticism, and believed 
to be, at this time, not the best system available. Excess time is its major problem, 
reducing the astronaut time for corrections to the reflector. 

This system could perform the task in space. Further 

4.10.5.4 System 4; Automatic Survey Camera Method, A method of determining 
antenna s u d P a r k e s ,  Australia is shown 
in Figure 4-41. The system is based on a simplification of the theodolite and tape 
measurement methods made from the vertex. On the Parkes antenna, with the dish 
at the zenith, the distances to 678 targets, arranged in concentric rings, are accu- 
rately taped and the angle to the reference target in each ring is measured by theodolite. 
The instrument itself measures only changes of angle and these are recorded on film. 

A short pedestal at the vertex carries an inclined mirror, on precision bearings which 
allow rotation about the dish axis. With the inclination set for a selected ring of targets, 
the mirror is rotated by motor and Geneva mechanism to reflect each target in turn 
into an alignment telescope rigidly mounted with the antenna axis. 

Images of the target and telescope crosswires are projected onto 35 mm film. Both 
shutter and film advance are synchronized with the mirror rotation. 

SCATTERING FACE 

TILTING MIRROR 

fNDEXING DRIVE - SURVEY TARGET 
IN ELEVATION ON DISH SURFACE 

ACCURATE BEARINGS 

ERTEX O F  DISH 

AZIMUTH DRIVE 
MOTOR TELESCOPE 

Figure 4 -4 1 e Automatic Survey Camera 
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Targets are backed by a bead-type reflector, "Scotchlite") and illuminated by a 
light source rotating in step with the mirror, Sixty exposures in one ring are made 
in 4 minutes. Thus, the entire surface may be measured in 11 to 15 minutes. 

Advantages. This method in its present configuration, is a successful system of 
surface measurement. To be feasible for space use, the film camera would be 
logically replaced by a TV camera. As in the case of the method used on the 
Raisting antenna (which is similar), accuracies depend on both precise measurement 
of range to the circle of targets and on the precision of angle resolution as viewed 
through the telescope, 

Limitations. The precision and completeness to which a reflector surface can be 
measured depends on the resolution of the instrument and the number of target points 
on the dish. Increasing the number of targets in general increases the measurement 
time. This, in turn, allows environmental effects to creep into the analysis, reducing 
the confidence level of the finished calibration. 

Resolution of this method is satisfactory for the Parkes antenna. However, the 
erectable truss antenna operates at much higher frequencies and consequently 
requires a higher degree of precision of the measurement device. Range to the 
circle of targets is measused once while in the manufacturing stage. While in orbit, 
the target points could easily shift a slight amount. Analysis of the dish would show 
there was a shift, but could not determine its origin, i. e. , the antenna must be 
measured while in total darkness, to determine the distortions due to stress and 
gravity relief of the members, then measurement with various sun angles would 
determine thermal distortions. 

Suitability for Space Use, Since this method is similar to the pentaprism system many 
of the comments also apply. This approach is both feasible and workable (as demon- - -  - 
strated on the Parkes radio telescopk). Its users at Parkes do not require the high 
degree of resolution and do not have the same environmental conditions as would the 
erectable truss antenna in orbit. Because of the relatively long time to achieve a 
complete measurement (15 min. ),and because it is at the vertex and not accessible 
for repair without extensive EVA,and from previously mentioned considerations; this 
method is not sufficiently desirable to warrant its consideration further. 

4.10.5.5 System 5; Modulated Gas Discharge Tube. 
Stanford University, Stanford, California, researchers have developed a large cross 

At the Radioscience Laboratory, 

paraboloid array antenna. It is necessary to make accurate phase measurements at 
9.1 cm. over an aperture of 1339 wavelengths to minimize phase mismatches of the 
32 paraboloid array to acceptable limits. Swarup and Yang report that the discharge 
tube is located at the feed; modulated at 1000 Hz. The feed waveguide network returned 
a small reflection back to the source, and with respect to the signal source, and they 
were able to make phase measurements. 

With a view for applying this technique to the measurement of large paraboloids, they 
suggest using many discharge tubes installed on the reflector surface, with the phase 
distance to each tube monitored in turn using the feed as the detector. To prove the 
feasibility of the concept, they report connecting a 10 mw S-band signal generator to 
a 3 x 4 in. horn, pointing in the direction of a midget 4 watt standard fluorescent 
tube placed 100 ft. away. Even though the modulated echo was mixed with strong 
local CW, they were able to obtain a null in a coherent detection system with an echo 
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strength of -130 dbm, It was possible to measure displacements of the tube with an 
accuracy of 0 , l  in, 

Advantages. A feature of this scheme i s  that it uses the same frequency as is used for 
normal operations, In applying this technique for measurement of the erectable truss 
antenna, 61 surface spiders are available for mounting of the discharge tubes. In a 
further elaboration, surface distortions could be determined in three dimensions 
triangulation from additional feed points e A particular convenient arrangement would 
be a quarter wave dipole situated at the vertex, 

Limitations. As the Stanford researchers pointed out, various difficulties arise in 
trying to measure small phase increments over long phase paths. To be compatible 
with resolution requirements for the erectable paraboloid, frequencies would be in 
the order of 1-3 GHz. At these frequencies this scheme becomes unfeasible primarily 
from electronic hardware capabilities, such as the phase detector, very poor S/N 
ratios, and signal scattering losses. 

Aside from the fact that the system becomes generally unfeasible at high frequencies, 
consider the reliability of a large number of these tubes. If a certain percentage 
should fail, surface distortion information from those sectors would not be available. 
About 300 gas discharge tubes would be needed for accurate definition of the reflector 
surface. Considering overall reliability of this scheme, maintenance of the sys tem 
would be like a movie marquee. The concept is not applicable for lightweight mesh 
antennas. 

Applicability for Space Use. This system is not recommeilded for use on the erectable 
antenna at this time. Primary considerations for this opinion were based on difficulties 
with phase measurement at high frequencies using this particular technique and the 
complexity of attaching approximately 300 discharge tubes on the mesh surface. Reli- 
ability of the entire system is considered too low for this application. 

4.10.5.6 System 6;  Light Detector Pair Method. b r i n g  the initial measurement and 
setting of profile on the Goonhilly No. 1 aerial, extensive use of a precision template 
insured proper contour accuracy. In the space application intended for the erectable 
truss antenna, a precision template is out of place. However, for dynamic measure- 
ments of the dish surface at various slew rates and for distortion measurements, by 
environmental effects from temperature variations, etc. 
using light detector pairs mounted in rings on the dish surface. Figure 4-42 shows 
the basic principle of the system. Each ring is scanned by a rotary light produced by 
an optical system at the vertex of the bowl. A s  a light beam passes a given detector 
pair, a current pulse is produced, proportional to the er ror  in position of the line 
between the pair, The Goonhilly antenna may be scanned every fifth of a second, and 
a dynamic picture of the antenna seen on a multiple beam oscilloscope. 

a system was developed 

A helium-neon laser is used as the light source because of its intense near-parallel 
beam property, It is operated in the multi-mode condition to give the beam very 
nearly uniform intensity across the beam. A telescope controls the divergence of the 
beam to produce a 0.7 in. diameter beam over a length of 50 ft. The light from the 

projects about 1 f t ,  from the vertex. The prism unit is made up of five suitably 
shaped pentaprisms cemented together, ha\iing on their interfaces semi-reflecting 
coatings of varying reflectivities so that the five beams are emitted with approximately 
equal intensities at the required angles, 

rected along the axis of the bowl and enters the rotating prism unit, which 
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MULTIPLE BEAM DISPLAY 

Figure 4-42. Measurement Using Laser Beam and Solar Cell 
Detector Pairs 

The five beams scan rings of detector pairs which are positioned at right angles to the 
beam. A detector pair consists of two matched silicon solar cells, 0.75 x 0.5 in. , 
placed end-to-end. They are connected in opposition across a common low load 
resistance so that they are operated in the short circuit condition, in which,response 
is linear over a considerable range of light intensities. In a direct sunlit situation, 
response becomes non-linear so that they have to be mounted behind a single bandpass 
optical filter to reduce sunlight effects. The amplitude of the current pulse produced 
by the beam scanning a detector pair is proportional to its positional e r ror  up to 
f 0.25 in, for a 0.7 in. diameter beam. The device can detect movements of less 
than 0.001 in. under optimum conditions and 
tions. Outputs of the detectors are fed through common amplifiers to a multiple 
beam oscilloscope. 

0.005 in. under adverse sunlit condi- 

Advanta s. 
understoo - output, very adequate resolution, and a high sweep rate giving essentially 
instantaneous measurements. An overall evaluation of the system indicates a novel 
approach to a difficult problem. 

The technique has the advantage of simplicity of operation, easily 

Limitations. 
displacements of the detectors, from their initial location. In the erectable truss 
antenna, detectors would most likely be placed on the spiders. 

The system has no capability for range measurement, only positional 

Applicability for Space Use. Use of this method requires a detector pair and am lifier 

measurement capabilities, at least 300 target points would be required. Overall 
complexity, inability to determine range, and the nightmarish maintenance of this 

for every target location chosen. For meaningful results, with cr/D = 1 x 10- B 
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many targets, make this scheme unsuitable for the intended application. 

4.10.5.7 System 7; Optical White Light Scanning. 

Description. Figure 4-43 illustrates the technique. A precision rail is attached to 
the antenna above the focal point. The rail is free to rotate about the antenna axis. 
Mounted on the rail is a movable carriage which contains an intense white light source. 
Pointing the light beam at the surface, parallel to the antenna axis, gives a reflection 
to the focal point where a photocell array detects "trueness" of the surface. 

Advanta s. Since the total distance from the beam plane to the surface and back to + the oca1 point remains constant, output current of the photocell should also remain 
constant as the beam and light source scan the entire surface. Variations in current 
indicate variations in the reflector surface. The difficulty with this technique is 
not detection of the reflected light beam, but correlation of the detections on the 
photocell array to distortions of the surface. The example shown in Figure 4-44 
will clarify this. 

Disadvanta s. ---geT are not readi y possible, use of a rail is not considered a logical approach. On a 100 
ft. antenna this would require at least a 50 ft. rail. Not considering the problems of 
erection of a precision rail; thermal distortion, stress relief, misalignments, and 
manufacturing tolerances of the rail would make correlation of data impossible. 

Aside from the face that correlation of distortions to detector signals 

Other factors such as unwanted light from the stars and the sun affecting photocell 
output, spectral qualities of the reflector surface, and sensitivity of the detector, 
would also make the system difficult to apply. 

4.10.5.8 System 8; Ionization Transducer. A new concept considered was an 
ionization transducer, Figure 4-45, which would measure range by changes in 

ROTATING BEAM 

WHITE LIGHT SOURCE 
MOUNTED ON CARRAIGE 

Figure 4-43. Optical White Light Scanning 
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CASE A: 

REFLECTOR SURFACE TARGET AREA TANGENT IS PARALLEL TO IDEAL 
PARABOLIC SURFACE TANGENT, BUT DISPLACED ALONG THE NORMAL. 

\ 

ACTUAL PARABOLIC SURFACE 

--% IDEAL PARABOLIC 
SURFACE 

CASE B: 

REFLECTOR SURFACE TARGET AREA COINCIDENT WITH IDEAL PARABOLA, 
BUT NORMALS ARE NOT PARALLEL 

DETECTORPLANE 

ACTUAL PARABOLIC SURFACE 
IDEAL PARABOLIC SURFACE 

ASSUMING 6 IS THE SAME, ONE COULD NOT DETERMINE IF CASE A OR B EXISTED. 

Figure 4-44. Ambiguity of Detection 
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capacitance. A power source ionizes the 
gas in the transducer by the field from the 
two external electrodes. A space charge 
is created which is a function of the con- 
figuration and the potential of the electrodes. 
Assume the electrodes to be the two plates 
of a parallel plate capacitor. One electrode 
is stationed behind the tube, the other is the OUTPUT * NW 

entire antenna surface. The concept was to IONEATION TUBE 

the reflector surface to limit the field of 
view. The transducer then sees only a very 
small portion of the reflector, which then 
was to scan the entire surface of the antenna. 
This scheme is quite feasible and the equip- 
ment is commercially available, but its 
use is limited to very short distances. It 
was determined that this scheme is not 
feasible to measure distortions of a small 
area over large distances, as in the case of 
the antenna. A simple calculation will bear 
this out. Assume; the target area is 1 in.2, 
the distance over which measurements are 
made is 44 ft. ,  the environment is in a space 
vacuum, then capacitance is; Technique 

- 

use aperture plates between the tube and 

ANTENNA 
SURFACE 

Figure 4-45. Ionization Transducer 

- 0.244 area uuf 
- distance 

- (l) = 0.004622 uuf C -  28 

Assume a resolution of 0.010 in. is required, then 

C - C1 = 0.004622 - 0.004621 

A C = 0.000001 uuf 

There is no known device to read this change in capacitance. 

4.10.5.9 System 9; Laser Interferometry. A concept of range measurement, suggested 
by the NASA/MSFC investigator, using laser interferometry principles is shown in Figure 
4-46. The laser beam passes through both beam splitters and is directed to the antenna 
surface. The second beam splitter also directs a beam to the surface. Thus two beams 
of light are pointed toward the reflector surface. Interferometry is based on the principle 
that dark interference bands o r  fringes occur when the total length of the two beams differ 
by a definite integral number of half wavelengths. From the, Figure 
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Figure 4-46. Laser Interferometry Technique 

or: N a + ' any integral ratio. 

It is apparent that a fringe represents a locus of length intervals of a definite integral 
number of half wavelsngths of the light used. Adjacent fringes represent a change in 
length of the round trip distance covered by the laser beam. 

In attempting to employ this technique for surface measurement of an antenna, a logical 
reference point might be the vertex, Sweeping out concentric circles, should not alter 
the fringe location o r  member if the surface were perferct. Assuming it is not, then 
movements of the fringes represents a change inlength. Figure 4-47 might be an 
observation as seen by the detector, Three fringes are shown to depict a sample area 
of the reflector area covered by the laser beam. If the slope of the target area were 
greater, then more fringes would be observed by the detector. 

Advantages. Advantages claimed for this technique include simple principle and 
operation, moderate weight, and extreme precision. 

Diaadvanta so Interferometry is the one of the most precise measurement principles 0 d ccuracy is in the order of 10 wavelengths. Using a neon laser operating at 6940 A 
(Angstroms) = 2.75 x 10-5 in., then fringes would be observed every 0.0000275 in. of 
clwn$ct? in length. Obviously, the accuracy of this technique is so great that results 
would be meaningless. At this resolution one would be measuring the surface finish 
(in microinches) rather than the surface contour. 
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Figure 4-47. Example of Fringes as Seen by b t e c t o r  

Applicability for Space Use. As was stated previously, use of a rotating beam to guide 
and support a movable carriage housing of a measurement device is prone to thermal 
distortion. Interferometry is a technique used for precise measurement of small 
distances and small distortions in contour. Microinch accuracy of a reflector surface 
that probably will be contoured to a tenth of an inch is not' required or  necessary. The 
reflector surface material would not likely have a high mirror surface because it is not 
required. If the reflector surface is a mesh, then this measurement technique would 
be measuring distortions and imperfections in the wire. 

Assuming a detector was able to interpret the fringe patterns, then a distortion of the 
antenna surface by 0.010 in. over the area covered by the laser beam would mean 
364 fringe bands observed in probably a 2 in. diameter detector. Finally one cannot 
predict if the surface distortion is convex or concave; only the contour spacing and 
shape of the surface distortion can be determined. 

Because this technique is not suited for this application based on the discussions above, 
laser interferometry is not recommended for surface measurement of space antennas 
in orbit. 

4.10.5.10 System 10; Laser Hologram. A scheme considered by the NASA investigator 
was photographing the reflector surface in a three dimensional representation by using 
a hologram. A sketch of this concept is shown in Figure 4-48. The laser beam is 
partially reflected to the film by the semi-mirror. The unreflected beam passes through 
the mirror and is reflected to the film by the antenna surface. 

Present technology in the area of holograms is still in the laboratory stages. One 
could suggest that having the hologram for measurement is jus t  as satisfactory as the 
real item. Assuming a hologram is made of the antenna surface, then the task is 
"how to measure distortions of the virtual image and compare this to an ideal parabolic 
surface". Having the hologram is not enough; measurement of the hologram is then 
the problem. 
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Holograms take approximately IO minutes to expose, Assume a hologram is to photo- 
graph a one ft, 2 area at a time (to obtain high resolution), then the total time to photo- 
graph a 100 ft, antenna at 10 minutes per picture is 48.5 days. This does not include 
time to move the support structure. During this time, the structure, antenna, film, 
etc., must be motionless to obtain a good exposure. This system with current technology 
is unsuitable for the surface measurement task. 

TELESCOPE 

Figure 4-48. Laser Hologram Technique 
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4.10.6 Recommended Technique and Selected System Design. In the 
previous sections of this report ,  some 10 techniques were discussed which 
were either used in practice o r  conceptually believed to be feasible for 
measurement of surface distortions of a parabolic antenna. 
these required the use of targets ,  data points o r  other attachments to the 
surface.  
able coordinate system, was then compared to the location on a perfect 
parabola. 
derive a best  fit family of curves through these points, indicating a pictorial 
presentation of the i r regular i t ies  in the surface.  
that these methods assume some distribution of e r r o r s  between data points. 
A rule of thumb i s  that accuracy of results is directly proportional to the 
number of data points and the measurement resolution. 

A number of 

The position of these points on the surface,  measured in a suit-  

Mathematical regression techniques then correlate  the data and 

A point to remember i s  

A factor which must be considered in applying any technique to measu re -  
ment of the erectable t ru s s  while in orbit is  the capability of the sys tem to 
provide surface distortion information while an  astronaut i s  attempting to 
adjust the mesh.  
ment system: 

This produces the following requirements on the measu re -  

a.  Time required should be minimum (1 to 10 sec. desirable). 

h .  Measurement information must  be readily available and easily 
interpreted. 

c.  System capabilities should include ability to provide information 
on a small  section of the mesh  (the a r e a  which will  be affected by 
manual adjustment). 

The erectable t ru s s  antenna uses  a highly flexible mesh (because of pack- 
aging constraints), and a network of adjustable webbing and tension tie lines 
is 
a small  segment of the knit type mesh is  capable of being adjusted. 
measurement  technique using targets was employed, then ideally 1536 targets  
would be necessary.  
reflector.  ) Therefore,  a measurement scheme utilizing discrete  target  
points i s  not a n  optimum approach i f  a high degree of accuracy is desired.  

required to achieve the proper  contour. Because of this unique design, 
If a 

(16 hexagonal flats per  panel X 96 mesh  panels on the 

The search  for a technique that overcomes all the previously mentioned 
difficulties is found in a laser  range measurement device. 
of amplitude modulation of a l a se r  beam is not a new o r  revolutionary break-  
through. 
other investigators in the a r e a s  of radar and sonar.  

The principle 

The theoretical principles behind this sys tem have been used by 
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4. 10.6. 1 A block diagram of the instrument 
is shown in Figure 4-49. Coherent light energy is supplied by a laser .  The 
beam passes  through a set  of KDP potas s ium dih ydrogen phosphate 
tude modulators which modulate the light. These devices consist of an opti- 
cal  cavity which functions on the same principles as a traveling wave tube. 
The light beam is polarized when it  passes  through angled windows that fo rm 
the ends of the tube. K D P  has  this property of changing the polarization of 
light passing through it  when it is in an  electr ic  field. Modulation of the 
electr ic  field modulates the polarization angle of the light, hence giving the 
l a se r  beam amplitude modulation. 

Amplitude Modulated Laser .  

The modulated light beam is then directed towards a set  of m i r r o r s  which 
reflect the beam toward the antenna surface. 
diffusely scat ters  the incident light energy: however, sufficient reflection 
is  returned to the collecting m i r r o r  since the mesh is woven of wire with a 
circular c ross  section. 
lens, passed through a narrow band pass fi l ter ,  and focused on the photo- 
multiplier tube detector. 
then compared to the reference signal f rom the modulation driver in a sensi-  
tive phase detector. 
current  voltage which is directly proportional to the distance covered by the 
l a se r  light beam. 

The antenna mesh surface 

The weak reflection is then directed to  a collecting 

The photo-multiplier amplifies the signal which is  

Cancellation of the phase modulation yields a direct  

In a sense,  the technique is  analogous to F M  radio broadcast wherein the 
high frequency c a r r i e r  is modulated over a bandwidth equal to the audio f r e -  
quency range. The l a se r  operates at a high frequency with wavelengths in 
the order  of 0 . 6 3  microns.  
ment task a r e  2.9 GHz and 5 MHz. 

The modulation frequencies used for the measu re -  

4 .10.6.2 Range Measurement Accuracies.  The modulation frequency 
determines the resolution to be expected. The 100 f t .  diameter t ru s s  
antenna is  expected to achieve a contour in the order of 0.125 in. 
an ideal paraboloid. 
tion a t  least  10 t imes greater.  Thus, a requirement of the system was an  
accuracy of a t  least  t 0.010 in. over the range of 40 to 60 ft. Amplitude 
modulators currentlyavailable f rom Sylvania indicated that 2.9 GHz will  
exceed the - t 0.010 in. requirement. 
oscillator is  known, distance measurements a r e  straightforward and con- 
s i s t  of making phase comparisons a t  the selected frequency between the 
reference and the probing beam. 

RMS of 
Measurement of the surface should be done with resolu- 

Once the frequency of the amplitude 

The effective resolution i s  given by 
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Where q i s  the minimum resolution measured by a phase detector, Accu- 
racies  of lo  a r e  readily obtainable. is the wavelength of the modulation 
f r e que nc y 

The factor 
ence twice 

F o r  2.9 GHz, 

of one-half is present since the light must t raverse  the path differ-  
in order  to be collected by the detector. Then, the resolution is: 

x=-. 4*08 = 0,00565 in. 
2 - 3 m  

This resolution then yields an accuracy of 1 par t  in 1 million. 

To eliminate the need for one absolute measurement f rom the instrument to 
the reflector vertex, another modulator superimposes a frequency of 5 MHz 
on the beam. At this frequency resolution is: 

x = - *  1 1 11808 = 3.3 in. 2 

As an  example, assume the device indicated the following measurement.  

RANGE IS 480,372 IN. 

THESE DIGITS BASED I 
ON 2.9 GHz ACCURACY 

There is a one digit overlap in the measurement,  which makes the range . 
measurement self checking, The wavelength at 5 MHz i s  2361 in.. Distance 
to the reflector var ies  between 480 in. (40 f t . )  at the vertex to  720 in. (60 ft .)  
a t  the periphery. Assuming measurements a r e  normalized at the vertex, the 
phase detector would indicate Oo shift at the vertex and approximately 217.5O 
shift at the periphery. 
360°, range is  absolute. 

Since this only varies between Oo and 218O, not beyond 

4-78 



SHIFT 1440 = 217.5’ 

I 480 IN 

4.10.6.3 Angular Measurement Accuracies:  The scan technique proposed 
for measurement of the reflector surface is  based on the spherical  coordinate 
system. Consider the l a se r  beam pointing exactly a t  the vertex. For  an  
antenna with f/D = 0.4 and a diameter of 100 f t .  , the focal length is 40 ft .  or  
480 in., 
+ - 0.010 in. was established a s  a sys tem requirement.  

To preserve range accuracies ,  an a rb i t r a ry  la te ra l  uncertainty of 
Thus, 

480 IN. 
I 

angular resolution is calculated to  be 

0 = o*olo = 0.0000209 radians r 4 8 7 3  

which is approximately equal to 4 a r c  sec. .  

One compact device that is capable of this magnitude of angular resolution 
is  known as the Phasolver,  produced by the Whittaker Corporation. 
Phasolver precisely measures  mechanical displacement by electronic means. 
As developed, the Phasolver  is a highly accurate encoding sys tem which con- 
ver t s  minute mechanical movements into large electr ical  phase shifts. These 
phase shifts can be displayed in analog fo rm o r  can be digitized to provide 
the position of an  antenna, s ta r - t racker ,  cinetheodolite o r  any other s imilar  
device. The sys tem is applicable to both l inear and rotary measurement.  

The 
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The Phasolver system consists basically of two units: 
sensing mechanism, and (2) the associated electronics package. 

1) the t ransducer  o r  

The transducer unit, a n  electrostat ic  phase-shifter, consists of a pai r  of 
discs  o r  plates separated by a small a i r  gap which allows significant capaci- 
tive coupling to occur. Facing surfaces  of the transducer are coated with 
specially designed metallic patterns. 

One plate, the moving half of the transducer (coupler), is mounted on the 
element whose position is being measured;  the stationary plate (dr iver)  is 
mounted on the supporting f r ame  and contains all e lectr ical  connections. 

The electronics package provides the signals which energize the transducer,  
measure the phase shift, digitize the resul t  and display the readout. 
to the t ransducer  is composed of four sinusoidal signals of a given frequency 
with a quadrature phase relationship. Each such signal excites a par t icular  
portion of the "driver" pattern. These four signals a r e  capacitively coupled 
to the "coupler" plate where they a r e  vectorially summed. The resultant is 
a constant amplitude signal whose phase is directly proportional to the change 
of position of the "coupler" plate with respect  to  the "driver" plate. 
phase -shifted information signal is then capacitively coupled back to the 
"driver" plate and processed by the system electronics.  

Input 

This 

Processing and digitizing a r e  accomplished by comparing, in  r ea l  t ime, the 
phase-shifted output signal with the input o r  reference signal. 
signal s ta r t s  a high speed counter, with counting of the pulses continuing un- 
t i l  the phase -shifted transducer output signal stops the count. 
termination occurs  the digital information in  the counter represents  the angu- 
lar o r  l inear position of the system. 

The reference 

When this 

The features which make the Phasolver a t t ract ive for the angular measure-  
ment s include : 

a. Extremely low power consumption. 

b. Completely solid state. 

c .  Large range of transducer s izes ,  housing and mounting configurations. 

d. Non-ambiguous output. 

e. No gears ,  lights, motors o r  brushes. 

f .  No electr ical  connections to moving elements. 

g. Electrostat ic  coupling not affected by f e r rous  metals  o r  s t ray  magnetic 
fields. 
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h. Arbi t rary zero  reference selection, 

Additional information and specifications a r e  given below and a sys tem dia-  
g ram is shown by Figure 4-50, 

ROTATING ELEMENT 

STATIONARY ELEMENT 

ANALOG INPUT 

TIME REFERENCE 

Figure 4-50. Simplified System Diagram 

Typical Rotational Encoder Sys t em Character is t ics  

Resolution and Repeatability: One a r c  sec.  

:%A c curacy : 

Output Formats  : 

Readout Rates : 

Velocity Effects: 

+ 4.0 a r c  sec.  absolute - 
Extremely flexible, analog (phase modu- 
lated pulses), binary, bcd, biquinary, 
de c imal . 
Updated absolute position information: 
600 times pe r  sec.  

Automatic velocity compensation circuits 
provide full  sys tem accuracy with veloci- 
t ies up to 60° per  second. 

Physical Separation of the 
Transducer  & Electronics: up to 1000 ft. 

::All Phasolver  systems a r e  tested on an  Ultradex Rotary Indexing Table 
accurate to 0 . 3  a r c  s e c . .  are 
available. 

Systems with accuracies  to  + 1 arc sec,  - 
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Figure 4-51.  4. 5 in. Transducer  Used on OAO Satellite 

Transducer  Character is t ics  (Figure 4 -5 1) 

Size : Available in any s ize  f rom 4 to 30 in. diameter ,  with o r  without 
center hole. 

Weight: 

Environmental Temperature Operational Range: 80° to t 150°F. 

Approx. 6 oz. each for  4 in. 0. D. discs.  

Figure 4-52. Two-axis Satellite Electronics Package "C" 

Electronic Package Character is t ics  (Figure 4 -52) 

6 x 4 x 2 in. for a single-axis sys tem with t 4.0 a r c  sec.  abso-  
lute accuracy. 

- Size : 

Weight: F r o m  8 oz. to 4 lb. for a single axis  sys tem in a flyable package. 
Exact weight depends upon accuracy and format  requirements .  

Power Requirements: Approx. 1 watt per  axis. 

Environmental Temperature Operational Range : 30° to t 1 50°F. 
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4.10. 6 .4  Verification Mesh Reflectivity Laser  Beam Detection. A par t ic -  
ular ly  attractive feature of the l a s e r  range measurement scheme, and prob- 
ably the deciding factor in i ts  favor, is its ability to operate satisfactorily 
without the use of reflective targets .  To verify the fact that a sufficient 
scat tered signal could be detected by the photo-multiplier tube, tes ts  were 
conducted in the Convair Optics and Laser  Lab using a sample of gold plated 
Chromel-R t r icot  knitted mesh, the identical mesh recommended for use as 
the reflector.  F o r  the tests,  a standard gas l a s e r  and a powermeter were 
used as the energy source and detector,  Figure 4-53. 

R = 9.25 in. 

2, = 0.45 in. 

Po = power output 

P, = power received 

Figure 4-53. Mesh Reflectivity Schematic 

Laser  power directly into the power meter  yields 
mw 

Po = 3.75 volts x (3.4 7 )  = 12.8 mw 

Reflection f rom the test samples;  

White bond paper: 1850 p volts 

Chromel-R: 200-300 I.L volts 

Where 300 I.1 volts gives 1 p watt power into the detector. 
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Transmission of the Chromel-R was 75.6010. 

9 .25 in, 0.45 in. 1 p watt 

:. 50 ft .  4.5 in, 0, QZ4 p watt 

Next, i t  is necessary  to compare solar power at the l a se r  wavelength $9 
determine a representative signal to noise ratio. 

Laser  X = 0.6328 micron 

Solar Constant = 0.136 watt/cm2 

Effective Solar Temperature = 5750% 

Assuming the sun to be a blackbody radiator 

AT = 0.364 e m  - deg 

E ( A ,  T)  = 0.89  

a t  575OOK 6 dA = 6190 watts /cm2 

(T) = 8080 watts /cm2/micron E,* 

x : -  0,136 - -  
8080 6190 

Solar flux at l a se r  wavelength = X = 0.136 ( - 8080 ) X 0. 89 
6190 

= 0.158 watts /cm2/micran 

= 15 .8  p w a t t s / c m 2 / a  
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2 0 
Using a 100 A f i l ter ,  solar  flux as seen by the detector would be 1.58mw/cm a 

Total power incident on mesh  is given by 

P = Po I1/2 (1 + M sin Wm t )I t Ps 

Po = l a se r  power 

Ps = s u n p o w e r  

M =modulation index 

Wm = modulation frequency 

Detector signal is given by - 
' (RMS)= - *  J 2  ( 1 M Pocr /-A G) u =  detector sen-  
L S  2 2 sitivit y 

p= detector gain 

Detector noise i s  

e = electron charge 

A f  = bandwidth 

= I + -  B 
g-1 

G = propagation loss  

B = 1 . 5 4  

g = 4 = photomultiplier tube gain per stage 

Therefore,  the signal to noise ra t io  f rom the detector: 

S 2 U M ~  Po2 G = 
16 e ( 1 / 2 P 0 + P s ) a  A f 

cr = 26.0 ma/watt ;  e = 1.6 x coulomb; M = 1 

A f  = 100 KHz (assumed for calculation); Po = 1 mw f r o m  l a s e r  

Ps= 1.58 m w  

.*. S/N = 340 = 50.6 db 
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F r o m  the conservative approach shown above, the laser measurement tech- 
nique is capable of any degree of precision in the number of surface sweeps 
since targets are not required. Also, the l a s e r  beam may scan the surface 
at any rate consistant with the detector bandwidth, o r  it can be pointed at a 
single point on the surface. 

4.10.6.5 Supporting Calibration Equipment. Boresighting. Boresight 
e r r o r s  a r e  detected in the processed pattern data by reflecting a displayed 
R F  beam with respect  to the 0 = 0 coordinate. 
for the pattern plot i s  defined so that 0 = 0 coincides with the antenna mechan- 
ical  axis .  The R F  beam is not coincident with this axis  if the feed i s  la teral ly  
displaced f rom the focal point of the parabolic antenna. 
minimized utilizing the best-fit-parabola data derived during the antenna su r  - 
face measuring experiment to establish the focal point of the antenna. 
tions a r e  made for both la teral  and axial  feed position e r r o r s  by having a 
mechanically driven adjustment mechanism referenced to a calibrated scale.  

The 8 - 0 coordinate sys tem 

Position e r r o r s  a r e  

Cor rec -  

Elec t r ica l  Measurements. 
on the instrumentation before it is used in the experiment. Reflected power 
measurements  a r e  made on antenna feeds and standard gain antennas to en-  
sure  against operating with damaged cable and antennas. 
cabling and signal sources  a r e  needed for this measurement.  
checks of the rece ivers  requires  a calibrated signal input and output display 
meter .  When taking simultaneous standard gain antenna data and pattern 
data, i t  is necessary to normalize the receiver  output levels with a common 
signal generator pr ior  to data collection. Antenna gain measurements  r e  - 
quire the use of calibrated standard gain antennas to serve  as a reference in 
establishing the absolute gain of the test  antenna. Major calibration i tems 
a r e  l isted in Table 4-5. 
temperature  measurements wil l  be integrated into the radiometer design. 

Tes t  equipment is required to make gross  checks 

Reflectometer,  
Dynamic range 

Calibrated noise sources  required for the noise 

Table 4-5. Calibration Equipment 

Signal Generator 0 .1  to 6 GHz 
Reflectometer 0.1 to 6 GHz 
Power Meter 
Miscellane oub Cable s , 

Switches and Loads 
Standard Gain Antennas 

0 . 1  GHz 
1.0 GHz 
6.0 GHz 

5 ft. Corner  Reflector 
3 f t .  Conical Horn 
1 ft. Conical Horn 
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4. 10 .6 .6  Boresighting and Initialization of Laser Unit. Before the l a se r  
measurement unit can be utilized for  any of its intended operations it must  
be initialized to  some reference point. This is necessary  since the Pha- 
solvers must be coordinated to one set of reference axes. The  method of 
boresighting the laser unit is based on a variation of a sys tem discussed 
previously. On the Raistings antenna, solar cell detector pa i r s  were 
scanned by a rotating laser beam. 
recorded as current  pulses f rom the detector pa i r s .  F o r  boresighting, the 
beam is positioned over a matrix of four solar  cells,  as shown in Figure 
4-54. A switching network allows, one to compare the readings of all the 
combinations on a s tandard sensitive galvanometer. Recalling that a beam 
sweep could be detected to  -f 0.001 in. under ideal conditions and -1. 0.005 
under adverse,  the beam can be centered on the matrix at one-half the 
minimum resolution of the Phasolvers .  It should be noted that the detector 
matrix does not necessar i ly  have to located at the paraboloid vertex, only 
that its location relative to the ver tex must be known.. 
matrix to  be placed on a spider nea r  the center of the reflector,  offering 
a better and more  rigid mount. 
the mat r ix  must  be located on the spider f 0.010 in.  , which is the same 
tolerance allowed for  spider location. 
computations will consider this an  absolute angular reference,  and subse- 
quent coordinates will be measured  f rom this point. 

Off-center sweeps of the beam were 

This allows the 

To  be compatible with other measurements ,  

After the beam is centered, all 

Y VERTEX 
SOLAR CELL LASER BEAM ON 

DETECTOR MATRIX 

NETWORK 

SENSITIVE GALVAiNOMETE R - - - - 
1 

Figure 4-54. Laser Beam Boresighting Technique 
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4.11  THERMAL BALANCE AND CONTROL 

4.11 1 Feed Assembly. Thermodynamic analysis for the feed assembly  
was conducted for  two extreme environments in which the vehicle may be ex- 
posed. 
very small  view factor  of the ear th  disk. 
estimated a t  4 BTU/hr-ft.  and 1 . 7  BTU/hr-ft.  respectively. A good approx- 
imation to. the ctual incident energy would be the direct  mean solar heating of 
442 BTU/hr -ft. which contributes the major external heat flux. 

The synchronous orbit in which the spacecraft operates resul ts  in a 
The albedo and ear th  thermal  were 

2 2 

!! 

The thermal  resistance of the insulated wall varies with temperature.  
i s  shown a s  follows:. 

This 

200 2.6 x lo4  

400  2 . 0  l o4  

600 2 . 0 4  104 

800 1.10 104 

1000 0 . 7 7  104 

The resist ivity of the posts supporting the wall  insulation is 1 1 8 . 4  hr .  'R/BTU 
per post. 
maximum of 1535 watts during power transmission. 
were based on these thermal  data. 

There is continuous internal power generation of 112' watts, and 
Steady state calculations 

Heat balance on the spacecraft depends on the geometric factor between the 
vehicle surface and the radiant heat source, and the thermal  radiation prop-  
e r t i e s  of the surface. In the shadow case,  if the internal environment i s  
maintained a t  70°F, the temperature  gradient between internal environment 
and the external wall  is found to be 330°R. 

F o r  solar  absorptance of 0.16 and thermal  emittance of 0. 85 the external 
average wal l  temperature  is 450°R for the illuminated case.  
properties correspond to zinc oxide paint in a potassium silicate binder 
which proved to be the most stable in a long t e r m  solar degradation tes t  pe r -  
formed by IITRI, Reference 1.  

A space radiator might be required to re ject  the maximum heat load generated 
internally a s  well a s  external solar  flux. 
iate the greatest  internal heat generation under the most severe incident space 
heat load condition. 

These surface 

The radiator must be sized to rad-  

When this is used for the radiator design c r i te r ia ,  the 
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radiator performance is more than adequate for other conditions of reduced 
incident space heating o r  reduced internal heat, The radiator performance 
can be controlled by the technique of fin effectiveness along with coolant by- 
pass. 

Surface a r e a  required for various power levels to be dissipated was calculated 
for coolant inlet temperature  of 80°F and 100°F, using FC-75 coolant with one 
side heat rejection, the other side being adiabatic. Estimated heat rejection 
requirement boundaries a r e  shown by Figure 4-55  
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cr; g 1000 

0 
2 

0 100 200 300 400 
RADIATOR AREA REQUIRED - F T ~  

Figure 4 -55. Electronic Compartment Radiators 
4.11.2 
a r e  subjected to different degrees of heating fo r  one location of the s t ructure  
against the opposite side,  Temperature  gradients occur which result  in 
thermal  distortion of the structure.  
tortion to maintain the straightness of the support s t ructures .  
maintains the s t ructure  a t  nearly isothermal  conditions. 
plished by minimizing heat input to the s t ructure  and maximizing the r e -  
radiation f rom the s t ructure  to deep space. 
that a r e  not sensitive to temperature  variations and thermal  distortions. 

Feed Support Structure. The members  of the feed support s t ructure  

The main goal i s  to minimize this d i s -  
One method 

This can be accom- 

Another method employs designs 

- 

INLET TEMP. 

NGE OF RADIATOR 
REQUIREMENTS FOR EXPERIMENT 

- 

INLET TEMP. 

NGE OF RADIATOR 
REQUIREMENTS FOR EXPERIMENT 

Thermal  distortions a r e  directly influenced by the basic mater ia l  chosen. 
F r o m  the thermal  standpoint, the ideal mater ia l  is one which possesses  a 
high value of thermal  conductivity and low coefficient of expansion. 

Steady state calculations were made assuming the surface is coated with 
white paint of cys = 0.16 andE=O. 85. 
The overall  average temperature  is found to be 350°R - 25OR. 

The temperature  yar ies  with location. 
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4. 11. 3 Thermal  distortion mentioned in the preceding 
section applies for the reflector antenna as well. Before the degree and mag- 
nitude of distortions can be determined, it i s  necessary to evaluate the temp- 
e ra tu re s  a t  various environments which might be encountered by this complex 
s t ructure .  

Parabolic Reflector. 

The amount of so la r  energy t ransmit ted at a particular location is dependent 
on the angle made between the sun's rays  and the local antenna surface. The 
peak temperature  of the antenna is controlled by applying appropriate s u r -  
face coatings having a low so lar  absorbancelemittance (a/ E ) ratio. This 
minimizes the so l a r  heat input to  the s t ructure  and maximizes the reradiation 
f rom the s t ructure  to the space environment, and energy exchange within the 
s t ructure  by increased radiation. 

Care  will be taken to  make all elements of the parabolic surface diffuse re- 
f lectors  to avoid concentration of solar  radiation a t  the pr ime focal point of 
the antenna, Such a concentration of solar energy due to specular reflection 
f rom antenna surface elements when the sun i s  on the antenna axis  concave 
side,  would impose a high thermal  load on the antenna feed system. 

Should the antenna have the same white paint coating used for the support 
member,  an  average temperature  of 400°R is obtained. Assuming the solar  
cell i s  0.02 in. quartz bonded to  a 0.10 in. f iberglass substrate ,  the com- 
posite thermal  res is tance is about 166 BTU/ft. -hr. R. Using a s  of 0. 85, 
the energy received on the illuminated side i s  376 BTU/ft. -hr. 
in a temperature  of 150°F when illuminated and 35OF when in shadow. 

2 0 

2 This resul ts  

4.12 BOOST PHASE SUPPORT AND SEPARATION SYSTEM 

4.12.1 Boost Phase Loads 

4.12.1.1 
jected during boost phase a r e  those associated with the Saturn 5 booster. 
The load factors  a r e  shown by Table 4-6. 

Inertial  Loads, The loads to which the experiment wi l l  be sub- 

Table 4-6 Boost Loads 

Limit X Y 
Accelerations 

t .65 
t .30  
t .10 
t .10 
t .40 

- Lift Off t i .  60 
- Max.a!q (S-1C) t2 .07  

Boost (S-1C) t 4 . 9 0  

Engine Hardover t 2 . 1 5  

- 
- c u t  -Off (S-1C) -1.70 
- 

Z 

-g_ 
t .65  
t . 3 0  
t - 1 0  
t .10 

- 
- 
- --- 
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4.12.1.2 Vibrations. 
to the acoustic and vibrational environment of the Saturn V vehicle. The vibration 
environment envelope can be represented by a superposition of random and sinusoidal 
envelopes given in Tables 4-7 and 4-8. 

In addition to the inertial loads the experiment will be subjected 

Table 4-7. Inputs to Equipment Supports I Table 4-8. Inputs to Equipment Supports 
from Exterior Primary Structure ' from Interior Primary Structure 

1 

Random: 

10 to 23 cps 
23 to 80 cps 
80 to 105 cps 
105 to 950cps  
950 to 1250 cps 
1250 to 2000 cps 

Sinusoidal : 

5 to 18.5 cps 
18.5 to 100 cps 

12  dbloctave rise  to 

12 dbloctave rise to  

12 dbloctave decrease to 

0. 0148g21cps I 

0.0444g2Icps I 

0.0148g2lcps 

0.154 in D.A.  
0. 0148g2/cps 

Random: 

10 to 23 cps 
23 to 80 cps 
80 to 100 cps 
100 to 1000 cps 
1000 to 1200 cps 
1200 to 2000 cps 

Sinusoidal: 

5 to 1 5  cps 
16 to 100 cps 

12 dbloctave rise  to 
0.0148gZlcpa 
12 dbloctave rise  to 

1 2  dbfoctave decrease to 
0.0355g21cps 

0.01 40g21cps 

0. 154 in. D.A.  
1 .92  peak 

For design purposes, the environment can be adequately represented by the above 
random spectrum applied for five minutes along each of the three mutually perpendi- 
cular axes (X, Y, and Z) in addition to the corresponding sinusoidal spectrum acting 
for five sec. at  the natural frequency of the equipment being designed. 

4.12.1.3 Acoustics. 
referenced-2 dynes/cm2, are presented in Table 4-9. 

Sound pressure levels external to LM in decibels, and 

4.12.1.4 Docking Loads. 
to retain the experiment to the S-IV stage during docking of the CSM. The loads for 
which the boost phase supports will be designed are listed below. Docking Loading 
Condition, Fx 

A portion of the boost phase support structure is required 

2235 lb. , Fz = 3118 lb., M = 8134 ft. -1b. 

4.12.2 Experiment Support. Figure 4-56 illustrates the packaged folded 100 ft. 
antenna experiment within the SLA of the Saturn vehicle. The experiment is 
supported by a truss structure which attaches to the SLA at the LM support points. 

4.12.2.1 Reflector Support. The geometry of the folded 100 ft. antenna reflector 
is shown in Figure 4-S/ e When the antenna is folded the legs of adjacent spiders 
meet and interlock similar to gear teeth and provide stability to the individual members 
of the folded truss .  See Figure 4-58. 

A restraining strap draws all of the individual upper and lower spiders together to 
form a rigid unit during boost phase. The strap is released to deploy the antenna. 

The folded reflector is supported by a substructure consisting of 2 primary beams and 
two secondary beams. The structure is shown schematically in Figure 4-59. 
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FEED MODUJiE 

SLA 

' SOLAR PANELS 

Figure 4-56. Boost Phase Support 100 Ft. Antenna 
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Table 4-9. Acoustic Range 

OCTAVE BAND (CFS) 

9 to 18,8 

18.8 to 37.5 
37.5 to 75 

OCTAVE BAND (CPS) 
75 to 150 

150 to 300 
300 to 600 
600 to 1200 

1200 to 2400 
2400 to 4800 
4800 to 9600 

Over -all 

C-5 AT MAX. LEVEL (db) 

136 
142 
146 

C-5 AT MAX. LEVEL (db) 
143 
139 
135 
130 
125 
119 
113 
150 

Each individual lower spider is supported by a pin which conveys the longitudinal and 
lateral loads from the antenna into the substructure. The pins are individually 
adjustable when the antenna is first placed on the substructure. 

A truss consisting of four tubular members connects the truss substructure to the 
LM support fittings within the SLA. 

4.12.2.2 Feed Compartment Support. The feed compartment is supported within the 
SLA by means of eight tubular support members. These attach to the SLA at the LM - _ _  
attach- fittings e 

4.12.3 Separation System. 

4.12.3.1 Experiment to SLA. 
separation of the experiment from the SLA will be achieved by operation of four 
pyrotechnic separation units connecting the support truss to the feed module, and 
three separation nuts connecting the folded reflector to the substructure. The CSM 
will extract the experiment from the SLA using its attitude control motor, 

Separation after docking the CSM to the feed module, 

4.12.3.2 Feed Support. Deployment of the feed support trusses will be initiated by 
activation of three pyrotechnic devices to release the feed compartment from the 
reflector. Extension of the feed legs is accomplished by springs at the hinge point 
in each truss bay. Extension is controlled by a cable reel for each t russ  leg. 

4.12.3.3 Reflector Expansion. Reflector expansion is initiated by actuation of the 
pyrotechnic devices which separate the straps holding the reflector in the closed position. 
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The force for deployment of the reflector is provided by springs at the unit point of 
each folding member, A s  the reflector approaches the fully extended position, the 
mesh is tightened and brought to the proper contour. Careful design of the spring 
hinges and flexibl 
ft./sec. on the o embers. Deployment forces and damping e 
will be measured in full scale ground tests. Design will allow for 

. to correct for changes indicated 

4.13 WEIGHT SUMMARY. tement for the comple 
expandable truss antenna experiment appears as Table 4-10. The structure weights 
shown reflect the use of strut tubes that have chem-milled lightening holes in them. 
Table 4-11 illustrates the weight saving using perforated tubes compared to solid 
aluminum tubes, 

Using a chem-milled tube structure results in a reflector unit weigZlt of 0.109 lb. /ft. 
and a total experiment weight of 6831 lb. If chem-milled tubes are not used, the 
reflector unit weight increases to 0.228 lb. /ft. and the total experiment weight 
increases to 7908 lb. 

AST) type hinge joints will limit deployment forces to 0,s 

2 

Advanced material such as beryllium is currently under test at Convair and could 
reduce the t r u s s  tube weight by 50% due to its higher modulus (E = 42 x 106 ksi), 
and lower density (0,067 lb. /in. 3, compared to E = 10 x 106 ksi and 0.10 lb. /in. 
for aluminium. 

Table 4-11. Weight Saving From Perforated Tube 

ASSEMBLY 

Inner Struts 

Outer Struts 

Diagonal Struts 

Feed Support Struts 

WEIGHT SAVING 

346 

28 8 

204 

239 

Total 1077 lb. 
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Table 4-10. 100 Ft, Diameter Antenna Experiment Weight Summary 

Re5ector 

Inner Struct Assembly 

Chem mllled tubes 

Fiulnge 

Hardware 

Outer StruEt Assembly 

Chem milled tubes 

Firrings 

Hardware 

D iagonal Strut Assembly 

Chem mUed cubes 

Fimngs 

Hardware 

Inner Spbders 

Outer Spulers 

Surface Assembly 

Me8 h 

Standoffs 

Alrgnment fittugs 

Adjusnent hardware 

Amch and support 

Feed Support Structure 

Chem mllled tubes 

Fittings 

Hardware 

Feed Module 

Cylinder wall 

Bulkheads 

Center svucmre 

Insulation 

Doclang and Harch 

Slde Hatch 

MISC. and contingency 

Power System 

Solar arrays 

BaUerle8 

Chargers 

Condinming 

Distribution 

Thermal Control System 

Pressurlzation System 

ECS Addicion 

Tankage 

Stored Oxygen 

230 

175 

47 

8 
1 92 

146 

38 

8 

130 

103 

17 

10 
47 

31 

124 

75 

13 3 

I8 

15 

121 

73 

30 

I8 

END ITSM 

955 

WT. (LB.) 

2 w  

315 

50 

40 

150 

125 

15 

1193 
8w 

258 

20 

40 
75 

135 

352 
1w 

62 

190 

Attlfude Control System 

Motors and Values 

Tankage 

Fuel 

CMG 

her- Wheels 

Star Trackers 

Horuon Scanner 

Solar Aspect Seasor 

Digical Computer sod Control 

Telemeuy System 

S-Band AnMMS (3) 

Transponder 

Cables 

Instrumentation 

Standard Gam Anremas 

Nolse Generator and Power Supply 

Noise Reference Loads 
Reflectometer 

Assorted Cables. Loads and Switches 

Malo Cables 

Harnesses, Transducers and Joint Switches 

Transmitters 

100 MH7. 

1 GHz 

6 GHz 

Receivers 

1w M H Z  

1 GHz 

6 GHz 

Radlometer 

Feeds 

Laser Unit 

Laser 

Ploner & Reducer 

- 

EVA Aids 

Tethers 

Tools 

Miscelkaneous 

Separation System 

Experiment Support Rpck 

Main Beams 

Secondary Beams 

Fasteners and Attachment 

Suie Truss 

Feed L a w h  Mounnng 

END ITEM 

662 

ELEMENT 
E T L L u L L -  

30 
2 w  

206 

45 

45 

81 

15 

5 

35 

6 

166 

90 

262 

305 

18 

15 

IS 

5 
20 

61 

165 

30 

10 

12 
8 

2 

2 

2 

30 

36 

40 

180 
60 

120 

75 
45 

20 

10 

100 

317 
41 

93 

29 
70 

84 

TOTAL MPERIMWT WEIGHT 5,523 
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SECTION 5 

CREW SYSTEMS 

One of the primary flight objectives of this experiment is to evaluate the roleof man 
in the assembly and deployment alignment, etc. of large structure in space as discussed 
in Section 2. This section covers the phase of manned participation in deployment, 
check-out of a typical 100 ft. diameter parabolic antenna in orbit, and adjustment 
and/or repair to achieve the maximum operating efficiency and reliability. Before 
outlining the details of the crew tasks it is helpful to refer to Figure 3-1 which shows 
the sequence of events leading to full status of the satellite antenna. As will be seen 
in the flow chart, Figure 5-1, a well defined group of tasks are considered. A general 
discussion of the problems will be presented for each phase with the objective of being 
able to more precisely define the supporting tools and equipment, and also the essential 
basic minimum life support. This objective analysis is also intended to refine detail 
design features, simplify EVA efforts and times, and minimize any subsequent main- 
tenance problems. The minimum basic tool kit and spares can also be defined. The 
study indicates that the deployment of a large dish antenna is feasible and practical 
with existing equipment and experimental knowledge. f i r i n g  the experiments man 
capabilities will be evaluated in the deployment and maintenance of a large orbiting 
structure, While the astronaut is moving about and performing EVA tasks his physical 
reactions, dexterity, and task accomplishment times will be recorded using biomedical 
sensors and photography. 

The tasks required in the Parabolic Expandable Truss Antenna Experiment will test 
a wide range of man's capabilities both physically and mentally, He must observe, 
evaluatq determine a plan of action and proceed with the physical accomplishment of 
the task. The experiment requires around the clock support o r  monitoring making 
ful l  use of his presence. 

5.1 FEED AND ELECTRONIC COMPARTMENT ENVIRONMENT. During the systems 
development and design of the antenna it was evident that most of the activity connected 
with docking, deployment and checkout procedures occurred at and around the feed 
focal point of the antenna. Most of the electronic equipment was grouped at this point. 
The very important phase of surface tolerance measurement also originates from this 
area. 

Since the command module will dock to this feed point it is apparent that considerable 
astronaut activity will be present in this area and that three possible methods should 
be considered to carry out the subsequent deployment and check-out tasks. These are: 

a. EVA to an "open" feed electronics structure. 

b. IVA to a fully pressurized feed electronic compartment. 

C. IVA to a partially pressurized feed electronic compartment 

Figure 5-2 illustrates each of the potential pressurization systems and Table 5-1 
provides a comparison. 
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Figure 5-2. Potential Feed Electronic Compartment Pressure System 
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Table 5-1, Comparison of Feed Module Arrangements 

SUIT STRUCTURAL STORES LIFE SUPPORT 
RESTRICTIONS rn IBILrn  S A F M Y  WEIGHT WEIGHT WEIGHT 

EVA Requires full suit Least (Fog) Least, Low, P ZOpsi Moderate Ifigfi 
increases as the depends on 

tion 
air pressuriza- P U S  

Full Pressure S h r t  Sleeve Good Good, 
Module ShortensInfl. Per (nrect Module 

Task Vision) Rating 
Extra Time EVA : CM 

Y 7  psi 

Suit Pressure Pressure equalized Good, Good, Moderate Moderate Moderate 
P = 3 ps1 Module in S u r .  (Visor PLSS 

Mod. Influ. Removed) plus 
EVA Time Less umbilical 

tom 

Preparation for EVA would be on the basis of 2 hours to don o r  remove pressure suits, 
3 hours permissible EVA time and two men on EVA at all times, Thus, it would be 
necessary for all three crew members to be involved with sui t  problems over a stretch 
of 7 hours as follows: 

This is time consuming and imposes considerable load on the CM and life support systems. 
A s  is shown in Sections 4 and 6,in considering the scheduled and unscheduled tasks, even 
an optimistic figure of 6 EVA manhours a day in the feed compartment or working on 
the antenna would require 36 days of EVA jus t  to complete the scheduled tasks direct 
from the CM. This &eaves insufficient reserve time for eventualities and experiments. 
The experiment as planned would require astronaut participation in the feed compartment 
for 2/3 of the 14 days. 

The Apollo CM currently operates at 5 psi 02. With only a 15 lb. weight penalty the feed 
electronic compartment could be operated at the full Apollo pressures rather than the 3.5 
psi suit pressure. Figure 5-3 illustrates the FEC pressure vs weight curve. Based on 
this evaluation, overall simplicity, and operation requirements the 5 psi pressure system 
was selected for the feed electronic compartment. 
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WEIGHT INCLUDES 
BULKHEADS 
INSULATION 
METEOROID BUM?ER 

(Po = 0.999 FOR 1 YEAR) 
35-LAYER MYLAR 

INSULATION 

Figure 5-3. Feed and Electronic Compartment Pressure 
Weight Tradeoff 

An umbilical connectionfrom the Apollo to the feed compartment is required to provide 
EVA sui t  support, Figure 5-4. A system of this type is also required for the Multiple 
Docking Adapter Program (MDA) and should be available in the antenna experiment 
time period. With a suit umbilical outlet in the feed compartment both the primary 
astronaut and the backup safety man would use the feed compartment as an airlock, 
allowing the CM commander to remain in a pressurized environment at his post. For 
safety he would be in a space sui t  that could be depressurized with open helmet. 

During normal operations the hatch will be open between the CSM and feed compartment 
and the crew in shirt sleeve mode. Separate oxygen will be supplied by the feed compart- 
ment with purification, dehumidifying and thermal control coming from the Apollo. 
Blowers will provide air recirculation back to the Apollo ECS. As a backup the coolant 
loop can be used from the feed compartment ECS umbilical outlet o r  the man can don 
his suit with or without pressurizing it. 

The insulation provided on the feed compartment should be adequate to prevent cold 
spots and with proper blower design, stratification should not occur. 

Equipment o r  console layouts have not been prepared and more detail work is required 
in this ares especially in evaluating the full impact on the environmental control 
sys tern. 

5.2  CREW TIME UTILIZATION. 

a. The kind of schedule adopted for utilization of the 3 man crew can have a 
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Figure 5 -4. Selected Feed Electronic Compartment Pressure 
Sys tem 

considerable effect on the overall time for deployment and operation set up to the 100 
ft, antenna. Working to the assumptions of: 

1. Use of a pressurized feed area for "shirt sleeve environment". 

2. A 9 hour working day for each crew member. 

3. A maximum of 3 hours EVA/day for each crew member and two men 
working together whenever possible and advisable. No working safety 
man could operate for 5 hour EVA/day. 

b, To provide a baseline for minimum time span it is convenient to assume that 
all direct scheduled times can be added consecutively. This is theoretically 
feasible because most of the checkout features are of a sequential nature. 

C. In view of the fact that the CM commander would be on standby watch whenever 
the other two crew were working, it appears logical to assume all 3 crew members 
on duty simultaneously for the 9 hours. This leaves 15 hours for other test 
functims, rest, etc., per day. 

d. Assume that for EVA two crew members operate simultaneously and, hopefully, 
each can perform a full task of 3 man hours, Then a total 6 man hours per day 
is the maximum that is available. More realistically 4 hours EVA total per day. 
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e. The resulting schedule times for b versus c plus d, shows an increase of 50% in 
minimum possi time span discussed in a above o r  about 6.5 days extra. 

f, Operation without pressurized feed. This method requires direct EVA operation 
by two of the crew from the CM, for the majority of the assembly and checkout 
tasks. It also requires all 3 crew members to be involved with su i t  problems 
for 7 hours, every day. As stated in the assumptions only 6 man hours total per 
day is available. Thus it would require 36 days of EVA just to complete even 
the scheduled tasks, with corresponding loads on the CM and life support systems. 
It would take excessive PUS units to meet requirements. The addition of a 
modicum of unscheduled tasks may considerably exceed the maximum 45 day 
launch period, making the "work shop" attendance mandatory for this mode of 
operation. Therefore, the most economical procedure is to pressurize the 
feed/electronic area for continuous shirt sleeve operation. 

5 . 3  DOCKING, DEPLOYMENT AND OPERATIONS. The full deployment sequence is 
illustratively shown in Section 3.0. To evaluate the step by step sequence of events 
as they affect the astronaut a chart was prepared (Table 5-2) which presents the 
normal and abnormal tasks that may occur. Typical tasks are outlined in Table 5-3. 
The most important of these tasks i s  the potential requirement of adjusting the mesh 
for optimum performance of the antenna. By using the astronaut in this task the reli- 
ability of obtaining a high performance antenna is significantly enhanced. Figure 5-5 
shows the astronaut performing lock -up on a tubular element and adjusting the mesh. 
Each spider joint will have adjustment nuts that will adjust the mesh to the optimum 
contour on the ground during manufacturing. The same color coded device can be 
moved in space with a low reaction tool for mesh adjustment. Directions will be 
automatically printed out on the laser measuring units contour map of the antenna. 
Immediate checkout by the laser measuring unit is possible to make maximum use of 
the man when he is at each work site. Potential number of adjustments can be deter- 
mined during ground tests. Possibly 6 to 10 spiders could be adjusted as an anticipated 
work load. 

5.4 ASTRONAUT INSPECTION. An analysis of the astronaut inspection task indicates 
a broad range of inspection techniques are possible. They vary from inspecting the 

Table 5-3. Schedule Crew Activities 

IVA 
- - 

EVA 

Inspect Structure 
Checkout Equipment Photograph Antenna 
Command Deployments Recover Film 
Maneuver CSM to Inspect @ Lockup Struts 
Calibrate Laser Measuring Unit @ Adjust Mesh 
Measure Mesh Tolerance @Splice o r  Replace Cables, Power, Coax and 

Telemetry 
Mechanical Boresight 9 Replace Damaged Struts 
Monitor Pattern Tests Release Separation Mechanism 
Erect Low-frequency Feed .Position Feed if Automatic System Inoperative 
Electrical Bores ight Feed @Replace ATC Unit if Inoperative 
Point Antenna to Ground and Space @ Refurbish Antenna New Electronic Equipment 

Inspect Antenna and Systems 

Target and ATC Units at 1-2 Year Intervals 
0 Repair/Replace Inoperative Equipment *ABNORMAL 
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Figure 5-5, EVA Tasks 
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structure through the spacecraft window and only going extravehicular when repair or  
replacement is necessary, to "on-the-spot" EVA inspection of each strut to insure 
proper deployment and lockup, Several variations of the above extremes were examined 
using the task of systematically inspecting the deployed dish as the example to determine 
the most feasible approach. The astronaut capabilities are based on a 1968-1972 astro- 
naut as outlined in Table 5-4, Baseline Astronaut. 

The first technique (Figure 5-6) is a one man spiral pass through the entire antenna. 
By descending from the feed compartment down the feed leg, he will penetrate to the 
underside of the mesh through a triangular cut out. Handholds and fluorescent paint 
markers will aid him in his passage. Once in the maze of tubes (top and bottom mem- 
bers 13 ft. long, diagonals 9 ft. long, and truss depth 5 ft. with an additional 4 to 6 in. 
to the mesh) he will proceed to the corner of the deployed solar cell panels. In route 
he will check cabling, power coax telemetry and command as well as the structure 
and mesh. Photographs will be taken of each major system. Damaged or  questionable 
items will be examined and reported through the CSM to ground control for action 
recommendations. Potential tasks will have been covered in his training and the 
simpler ones of these he can perform. with approval of CSM commander. The ACS 
will be examined for proper deployment, leakage and electrical hookup. The telemetry 
and standard gain antenna will be examined for orientation and wiring. On spot correc- 
tions will be made after checkout with ground control. He will travel a spiral route 
one bay in from the edge of the antenna for maximum safety and coverage. A rolling 
type motion while he progresses along the tubes will provide for maximum look angle. 

The EVA astronaut approaches the rear face of the dish, maneuvers along the struts, 
stopping at each spider to inspect the adjacent structure of both faces of the dish (the 
maneuvering and anchoring techniques will be discussed later). This technique requires 
the astronaut to inspect structure above him and on all four sides. The task of inspect- 
ing structure between the astronaut and the sun will be difficult even with the sun visor 
and proper illumination devices, due to the sharp contrast between the luminance of 
the sun and the shadow side of the structure. Therefore it is desirable to have the 
antenna oriented so the sun will fall on the astronaut's back as much as possible during 
the inspection task. The astronaut may still have glare difficulties inspecting certain 
portions of the antenna using this technique due to the parabolic shape of the structure 
and the requirement to inspect structure on all four sides. A slow motion with the 
inertia wheel system directed by the safety man could be used to provide the astronaut 
with the best sun position. 

The maximum distance between the astronaut and the s t r u t  being inspected, using this 
technique, is approximately 20 ft. Ground tests will determine whether a strut which 
has been damaged, or  is not properly deployed, can be adequately inspected from this 
distance , 

Approximately every 50 ft. of travel a 10 min. rest stop is anticipated in the time 
sequence. Astronaut travel at one ft. /sec. with five min. inspection periods has been 
assumed. Upon returning to point 4 the astronaut would rest and then return up $e 
feed. If he was ahead of schedule and not fatigued he would select one bay enroute for 
a closer inspection of the mesh and t rus s  in that area. At any time, he can abort by 
going to the closestfeed leg. ABORT PATHS would be color coded to provide him with 
maximum orientation. Total distance of a normal inspection tour is 480 ft. requiring 
140 min. With a three hour EVA capability the man would have a safety margin of 40 min. 
in his normal 3 hr. operational capability. Simple repair tasks could be performed within 
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R = REST POINTS (8) 

P = PASSAGE THROUGH 
MESH (3) 

TOTAL DISTANCE 480 FEET 

TOTAL TIME 140 MINS. 

I SAFETY MAN REMAINS AT DEPRESSURIZED ELECTRONIC COMPARTMENT 
LEAVE ELECTRONICS COMPARTMENT (FEC) 
CHECK ATTITUDE CONTROL AND ADJUST SOLAR CELL PANELS (3 PLACES) 
RETURN TO FEC OR INSPECT CENTER SECTION OF TRUSS 
RETURNTOFEC 

Figure 5-6.  Typical EVA Reflector Inspection Route 
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R = REST POINTS P = PASSAGE THROUGH MESH (3) 

EVA SAFETY MAN 4 441 FT, 

EVA MAN A 480 FT. 

TOTAL TIME 140 MINS. 

(A) LEAVE ELECTRONIC COMPARTMENT 
2 MAN TEAM 

(1) PENETRATE THROUGH MESH 
(2) INSPECT ATTITUDE CONTROL AND SOLAR C E L L  ( 3  PLAGES) 

SAFETY MAN INSPECT TRUSS 
(3) INSPECT TUBULAR TRUSS TOGETHER 

13 FEET APART 
(4) RETURN THROUGH MESH UP FEED 
(5) ENTER FEED/ELECTRONIC COMPARTMENT 

Figure 5-7. Two Man EVA Reflector Inspection Route 
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the normal time period. Major repair tasks wauld be put off until a second trip, after 
the entire inspection is completed. 

A second method, Figure 5-7 uses a two man inspection in which the EVA safety man 
stays in close proximity to the EVA worker. The astronauts travel one bay apart. 
The safety man covers the simpler interior route primarily observing the EVA worker 
but also inspecting the truss and mesh in his zone. The men should not be more than 
15 ft. apart compared to the first method where the safety man remained at the feed/ 
electronic compartment and could be over 97 ft. away from a stricken worker. With 
improved inspection and safer working conditions the second method appears to be the 
best mode of operation. Both methods should be evaluated in ground tests with simu- 
lated lighting and a full hazard analysis performed. 

Once the periphery has been examined, each man would move in one bay to complete 
the examination. The EVA worker travels 480 ft, while the EVA safety man travels 
389 ft. up to point 4 at the up-feed support. To balance the work load the EVA worker 
then becomes the safety man staying at point 4 while the former safety man performs 
a final loop to complete the t russ  inspection. Both men then proceed up the feed support 
to the feed/electronics compartment. 

A third method (Figure 5-8) is to undock the CSM and fly over the antenna observing 
the structure through the CSM ports or  possibly standing in the open hatch, Inspec- 
tion distances of 15 to 20 ft. are feasible. Detail inspection repair could be per- 
formed by soaring o r  AMU propulsion to the reflector. If desirable a CSM dock- 
ing collar could be located on the aft portion of the antenna for a hard docking point 
during scheduled inspection and/or remedial EVA. With a 50 ft. tether the crew- 
man could have a 20 ft. tolerance for differential motion between the reflector and 
the CSM. Hazards are the potential impact of the reflector with the CSM. Over- 
all system reliability is also decreased by separation from the antenna. Docking and 

REPAIR FROM CSM 

1. AMU SUPPORTED EVA 
2. ' 50 FT. TETHER TO 

CSM 
3. NO BLOCKAGE OF 

TETHER 
4. DEPRESSURIZE 

CSM 
5. TOTALCREW 

IN SPACE SUITS 

6. BACKUPMAN 
IN CSM DOOR 

Figure 5-8. Antenna Inspection from CSM (Alternate Mode) 
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inspection procedures will use a minimum of 150 lb. of propellants. Saturn workshop 
flights evaluating EVA capability, and simulated antenna EVA tasks in underwater and 
zero-g aircraft will be required to make a decision on the best inspection technique. 
Al l  three methods currently appear feasible, 

One additional aspect of inspection is thermal coating and temperature evaluation. 
During inspection the astronauts could carry an instrument, currently being developed 
for lunar operation, that evaluates the */E characteristic of the materials. In addition 
a temperature sensor could be included. With this information an excellent thermal 
evaluation of the entire reflector could be developed to compare to distortion conditions. 

5.5 DEPLOYMENT MALFUNCTIONS. 
scale model deployment experiments and demonstrations, it is anticipated that only 
minor tasks of correction and/or assistance will be required. An improved model i s  
being made to provide further assurance of satisfactory deployment. However, the 
following items are considered to be possibilities for manned assist or  EVA action: 

a. 

On the basis of Convair's initial 75 in. diameter 

Unaligned tube joints or unlocked joints. 

b. Mesh tolerance below performance requirements (RMS = 0.125 in. ), 

c. Tears in surface mesh (highly unlikely unless a tube failed and punctured 
the mesh) 

d. incomplete deployment (insufficient spring force). 

e, Chafed tubes or other surfaces from vibration or  deployment. 

The relatively minor tasks are expected to be aligning of an occasional s t ru t  or  making 
a surface mesh adjustment. The detail design of the attachments and locks will be 
optimized for maximum crew safety and convenient EVA actions. Mesh adjustments 
are made from the back face of the antenna. The truss framework provides convenient 
handholds for EVA assistance and movement, and should minimize risks of astronaut 
contact with the inesh surface. Normally, approximately 0.5 in. movement of the 
t russ  hinge joints will be sufficient to align the tubes and lock. Since the overall strut 
length is about 13 to 14 ft. long, the lateral force required to lock is very small, being 
about 1/70 of the s t ru t  axial force. Conversely it requires a large tension force, 
developed in the strut ,  to align and lock dynamically. Thus, this is a task that the 
astronaut can easily support, but would be difficult to perform the same task automat- 
ically. 

Inherent redundance is a major asset of the expandable truss.  Any single member in  
each bay may be eliminated from the truss and it will maintain structural integrity. 
In addition a weak spring hinge joint will be brought along by its neighbors during 
deployment. Therefore, a damaged member could be cut out by the EVA crewman 
without imparing the structural integrity of the antenna reflector. 

In the event the package did not deploy on command from the CM, any subsequent close 
EVA inspection would be hazardous. Thus, the incorporation of a duplicate, series, 
release system becomes essential. The antenna could probably be approached from 
the deployed side to enable partial o r  incremental constraint straps to be applied until 
the delinquent member o r  members is freed, see Figure 5-9. However, this kind of 
problem has not occurred on the model tests. 
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/- MESH 
DEFECT 

RESTRAINING STRAPS 

Figure 5-9. Restrainiqg Straps 

After EVA inspection to ascertain defective tube location, at least two restraining straps 
would be applied as shown prior to entry into truss for inspection and correchon, 
Subsequently the straps would be gradually released. 

5.6 ADJUSTMENT OF MESH. Mesh adjustment is a major task for the astronaut. 
As discussed in Section 4.1, local adjustment devices are provided at each spider. 
These screw jacks will be used during ground fabrication to position the mesh to the 
0.125 in. RMS required. Similarly, in space the laser measuring unit will be used to 
evaluate the tolerance of the mesh and the screw jacks used to make corrections. E3y 
using the same measuring system and adjustment system both on ground and in space, 
mesh tolerance has an excellent chance of being achieved. Tentatively, the mesh 
should come up to tolerance automatically, but based on ground antenna systems the 
achievement of a high surface tolerance is the most difficult part of reflector design. 
It is expected that not over 2% of the 1000 mesh attachment points will require correc- 
tion. The knit type weave of the mesh tends to localize tolerance problems and 
adjustment corrections. This should simplify the adjustment process. The EVA 
astronaut with a hand held torque gun will make the corrections. A typical correction 
might require that the astronaut m a k e  four turns down on spider 32 screw jack 
No. 4. The torque tool geared down with a lock out after four turns are made would 
be used to adjust the line holding the mesh. An immediate check of tolerance, from 
the feed compartment, with the laser measuring unit is then possible, insuring that 
the correction was properly made. Interaction effects will be built in to the direction 
program and substantiated in ground tests, minimizing the spacecrews work. 

5.7 SAFETY TETHERS AND WORKSITE RESTRAINTS. Long safety tethers between 
the astronaut and the CSM are not desirable due to the entanglement hazard when the 
tasks involve maneuvering through a structure such as the expandable truss.  There- 
fore, short safety tethers that move along the struts with the astronaut must be used. 
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If these safety tethers can be used at the worksite as part of the restraint system, 
then anchoring and release times per worksite can be reduced. 

An example of the dual utilization of the safety teae during the inspection task is 
illustrated in Figure 5-10. The astronaut is first shown maneuvering hand-over -hand 
to his next worksite with the safety tether slack. A s  he reaches the worksite, he takes 
a second identical tether which is mounted to the other side of his belt and attaches it 

)to the strut  on the far side of the "spider". He then places his feet on the "spider" and 
"stands up", removing the slack from both safety tethers. He has now formed a three- 
point restraint system which adequately restrains his body position. The additional 
stabilization needed to prevent "falling" sideways can easily be provided by his hand 
grasping one of the diagonal s t ru ts  (not shown in illustration) running between the two 
faces of the antenna. The astronaut could then proceed with his visual inspection of 
the surrounding structures. To continue on to the next "Spider", he only has to release 
the "rear" safety tether, allowing it to hang from his belt, and proceed using the 
"forward'' tether for safety while maneuvering. 

For worksite restraints he will tether to adjacent spiders where links are provided. 
Sections in the area of the ACS solar panels, and standard gain and telemetry antennas 
can have "dutch shoe" restraints in addition to tether supports. 

5.8 TYPICAL EVA TIMELINE AND WORKLOAD ANALYSIS. 
antenna as the example, an estimated timeline and workload analysis has been performed 

Using inspection of the 

as illustrated in Table 5-5. The astronaut performing the inspeition task worked at 
an average metabolic workrate of 1380 BTU/hr. for the EVA. At this rate, his P U S  
would be able to support him for approximately 3.5 hours. Since one hour of this time 
should be available as contingency time, the effective working time available with the 
PLSS at this work rate is approximately 2.5 hours. Since the EVA required using the 
example inspection technique was 2.5 hours, the inspection task could be accomplished 
in one day. 

Figure 5-10, Tether Usage 

5-25 



% 

b 
2 

6 z 

O Q O  0 0 0  0 0 0 0 

8 Z H z a  H Z H 3 8  8 H ; a a  

a 

3 W 
- 4 1 4  
2 3  

8 
8 
w '  

-1 

N 

N N N N  
! 3 8 %  



5,9 MAINTENANCE AND REPAIR. The inspection of the deployed antenna may uncover 
damaged o r  incompletely deployed antenna components which the EVA crewman could 
repair o r  apply corrective action to with the end result being improved performance or  
increased lifetime, etc. for the antenna structure. 'Qpical tasks might be replacement 
or  repair (straightening, splinting, etc) of individual struts, manual or  tool-assisted 
application of forces to completely deploy and/or lock strut joints, patching of torn 
reflective mesh, replacement of damaged electrical lines or connections, etc. 

With this wide range of possible tasks which might be required of the EVA crewman, he 
will be unable to take with him during the inspection task the necessary tools, spare 
parts, etc. that he might need. Since he must maneuver hand-over-hand along the 
structure, he is limited to the very small amount that can be strapped to his body. To 
minimize the number of trips between the CSM and the worksite that the astronaut 
might have to make for a repair task, a cargo transfer system appears desirable+ A 
typical use of such a system is illustrated in the example below (assuming the CSM 
has undocked and is standing by during the inspection task). 

While inspecting the antenna, the EVA crewman finds a bent s t ru t  which must be 
replaced. He tells the backup astronaut, who is performing "lifeguard" duty at the 
station-keeping CM, the exact tools and spare parts needed to perform the replace- 
ment task. The backup astronaut maneuvers to the storage section of the CSM and 
removes the necessary components - his role as lifeguard is temporarily filled by 
the third astronaut. He then uses a stem gun to run a cargo transfer tube to the 
repair astronaut at the edge of the antenna. The repair astronaut secures his end of 
the transfer tube to the structure, waits for the backup astronaut to attach the requested 
components to the transfer tube system, and then manually pulls the components along 
the tube. When he completes his replacement task, he udastens his end of the trans- 
fer tube from the structure. An alternate method is to install a clothes line system 
in the feed support legs and attach the reflector replacement and repair equipment on 
the exterior of the electronic compartment. The backup astronaut would then ship the 
part to the worker through the mesh triangular cutout. The clothes line could also be 
used as a normal transfer system for the workers from the feed/electronics compart- 
ment o r  as a high speed transfer to recover an injured crewman. 

One of the chief assets of a manned system is the versatility of man to evaluate a non- 
scheduled task and perform repairs. A list of potential manned tasks is prepared in 
Table 5-6 for support of each of the major subsystems. 

The possibility of performing each task is a direct function of the reliability of the 
system. Many systems such as pyrotechnic release components are highly reliable 
but still must be considered as a potential manned task. While some of these tasks 
may be dropped because of time or  hazard, all are noted. 

5.10 EQUIPMENT, SPARES AND TOOLS. A review of the crew tasks, both scheduled and 
unscheduled,enables us  to prepare the following data: 

a. Probable basic tool kit required. 

b. Probable list of spares required. 

c. Definition of the minimum basic astronaut. 

5-27 



Table 5-6. Unscheduled Repair Tasks. 
1--- 

: SYSTEM 

I Separation 

i 

I __ - 

TASK EQUIPMENT 

Failure to separate: 
a) Petals 2) Power Saw 
b) Experiment to pallet 
c) Feed deployment 4) Battery 
d) Reflector deployment 5) Volt-ohmmeter 
e) Solar cell release ~ 6) Low Reaction 
Perform separation 1 Torque Tool 

1) Protective Cover 

3) Portable Shape Chaq 

Reflector 
Mesh 

, 
: Solar 
Cell 

j Power 
1 System 
, 

i 

Standard I----- / Gain Telemetry & 

adjust 

HOURS 

3-9 EVA 

0.5-3.0 
EVA 

0.5-3.0 
EVA 

quired to determine which 
member to adjust and sub- 

1) Potentially hazardous unless 
design includes protected 
EVA disassembly 

2) Two-vehicle dynamics is a 
problem unless section can 
be cut automatically. 

, 

2) Splice power cable 

3) Replace cable 

4) Replace battery 

Store in feed compartment. 
Sleeve fits mast type joints, 
aligns them, and carries 
load, 

2) "C" clamps 
3) Fastener 
1) Splicer 
2) Insulator 
3) Volt-ohmmeter 
1) Replacement cable 

1) Screw driver 

1) Store on side of feed 

2) Redundance of truss 
compartment 

will allow member to be cut 

1) Extend & adjust 
into correct 
position. 

I , 
I out without impairing total 

j structure. 
I 

I 

I --I 1) Screw Driver 1 Extra antenna elements may bel 
stored on side of feed compart- 
ment o r  in Apollo pallet area. 3) Replacement 

/ 
f 

2) Low torque tool 1 
! 

antenna 

coax line 2) Insulator 

I 

I 

I 

1 . 0  

1 

I 
l 

4 Cable may be stored on side : 
! of feed compartment. 

Batteries at feed points and in I ' feed compartment I 
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Table 5-6. Unscheduled Repair Tasks (Cont'd. 1 

Lubricator 

- -  

I Adjustment 

-- . 

1 .0  ' Deterioration or  noise 
! problem. 
I 

____.__ 

Thermal 
Coating 

- 
Attitude 
Sen so 1" 
System 

- - -. __ __ 
Rotate feed int 

' 2) Adjust to optimum 

Backup to laser system 

5) Replace laser unit 1) Screwdriver Stare replacement in 

6) Install conduc 
pressurized k e d  compartment. 
Possible ta use power torque 

low frequency feed - 
Repair damage tot 
thermal coatings, various ratios, for 

hard surfaces. 

__.___ 

a) Al ign  vehicle 

scanner. 

Polaris-achieve star 
tracker lock on - zero 
and calibrate tracker. 

b) Acquire & track 

Repeat (a) and @) ; Ditto 
I periodically. 

, 
I 

: c) Measure & compen- 
sate gyro drift rate. 

I I d) Al ign  & calibrate 
I solar aspect sensor, I 

Repeat (c) and (d) 
periodically. 

r------ 

CMG or  j Inspect 
Inertia I 

Replace bearings. 1 Wheel 
1 (Does not J 

apply with I Remove or replace 
active torque motor. 
control) Repair vacuum leak in 

wheel housing. 

Remove & replace 
faulty electronics in- 1 side of space sta. i -__ .- 

1 4 * 0  ea* ! 

Ditto & computer o r  data 2 . 0  , 
link to ground station. - I 

i 
Telescope 
Screwdriver 
Screwdrivers 

I 

Wrench 

Wrenches 
Screwdrivers 

Leak detector 
EPOXY 
Files, wrench 
Cleaning material 
Wrenches 

Screwdrivers - _* 

I 

I 

1.0 
! 

1 1 . 0  I 
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i Inertia 
!Wheel 
I ( ~ o e s  not 
j apply with 
active 
control) 

- -  -- L 

Reaction 
Control 
System 

Table 5-6, Unscheduled Repair Tasks 4 
TASK 

Repair electronic units 
at bench. 

Electronics trouble 
shooting & main- 
tenance 

Remove & replace 
nozzle and test. 

Remove & replace 
valve &test. 

Fit new cable to ATC . 
. 1  

Electronics trouble 
shooting & maintenance 

Control Maintain attitude 
Logic during system re- 

pair o r  maintenance. 

Optimize control 
: system parameters 

for minimum energy 
expenditure. 

Spinning Maintenance and 
Joint 1 lubrication. 

--- __ 

-___ + _ _ ~ _ _ _ _  .-.____ 
RF 
Antenna 

Complete all electri- 
cal connections. 

Broken connection o r  
cables. 

Switch on power. 

Check output levels. 

Faulty units 
(electronic). 

Connect transmission 
line feed to receiver 

Connect Feed to 
transmitters. 

EQUIPMENT 

Wrenches, screwdrivers 

Pliers. Electrical cm- 
nection equipment. 
Test instruments . 
Screwdrivers 

- 
Wrenches, screw- 
drivers. 

Wrenches, screw- 
drivers. 

Wrenches, screw- 
driver. Pliers & 
cutters . 
Test instruments. 

ont'd. 

HOURS REM ARKS 

This work depends upon the 
modular type build-up 
employed. 

1.0 I 

4.0 This work also depends upon I 

I 

I 

amount of built-in checki I feature. 
1 

0.5 

1.0 
i 
' Assume damage to cable to 

3.0 broken connections. 

4.0 Depends upon built-in 
checking features. 
M odd  ar construction . 

______I.. . -I- -..__I_ Screwdrivers 

Hand controls 1 .0  

Fuel & watthr usage 10.0 This time spread over 
vs time for required 
pointing accuracy. 

several weeks 

Wrenches, lube, 2 .0  I 
screwdrivers 

-- - 
Clamps. Screwdrivers 
Wrench. Adhesive tape 2 . 0  

Spare cables, and as 2 . 0  
above 

Manual 

volt- ohmmeter 
fuses, screwdrivers. 1.0 

Replacement modules ~ 2.0 
meters. Screwdrivers 

Signal generator, reflec- 0 . 5  
tom eter. 

Ditto i 0.5 

I 

Generally this applies to dis 
connected cables for con- 
venience of packaging. 

Could happen on deployment. 

Equip, design based on 
simple unit replacement and 
connections. 



- -- ~ 

I 

1 SYSTEM 

' Communica- 
tion System 

- . -- - - . __  . 

I 
! 

Communica- 
ons 

Adjust for max. 
response. 

------___I_ - - - - - . - - 

EQUIPMENT 

Inventory of replacement 
units would be based on 

TASK 
- -I -- -_ - - 

Monitor & adjust 
transmitter/re- 
ceiver frequency/ 
stability. 

Trouble shooting 
repairs. 

Boresight measure- Recording equipment. 2 to 6 Compare great circle cut 
ment of antenna/ 
mechanical axis. along axis. 
Compare RF lobe 
axis with sight on 
radio star. 

i Measure beamwidth Recording equipment, 2 to 8 
and sidelobe data. 

pattern in orthomnal planes 

to measure principal 
plane and side lobe 
data. 

--__II---- -- -- __ - -- i-. - --I_ 

Large ' Consider lateral adjustment 
I Boresight ' of feed (or bias control 
I Error sys tem) 1 

R F  System Recheck antenna for Recording equipment. 1 . 0  Depends on any adjustment fori 
max. gain. Adjust 
feed. from feed airlock. 

Compare performance Recording equipment. 1 .0  i 
with standard gain : Switching sequence. 
antenna. 

, 
-- -- - .  i 

j boresight error,  perform 

---L--.-- __-________ - .___- __.-_ - . I 

I Test instruments and equip- 
j ment could be built into box, 

I 

I 
I .i .-_____ ~ 

1 . 0  

Test meters, spares 2.0 

I - -- .---___ fuses. j 

I 
I 1 1 Solar Mechanical exten- Wrench, pliers. / 0 . 5  hr .  \ Accomplished in the event of 

Telemetry Monitor and adjust 
& Tracking 
Equipment 

! Solar Cell 
! System, 

I Array sion of segment. Per ' malfunction of automatic I 

1 Fault Finding. 

- --_-I ________ 

1 
-. - - 

I 
t 

! segment system. 

Where vehicle orientation is 
compatible with solar array 
orientation, .- -- - - - - . ._ -- -- - - _. - 

I Array orientation. Powered monitor ! 0.5 
I 

I ' panel; attitude control 1 
-_. - -  monitor panel. . - 1. .._-- 
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__ 
SYSTEM 

Solar Cell 
System, 

_- 

1 Solar 
i Array 

(Cont'd. ) 

I 

Table 5-6, Unscheduled Repair Tasks IC( 

TASK 

Power monitoring. 

Fault location. 

1__- --_ : 

Solar I Maintenance 
Cell Inspection 
System 
Battery 

Repair/replacement. 

EQUIPMENT 

Power Monitor Panel 

Power Monitor panel; 
test meters; hand tools; 
spare parts of main- 
tenance type-fuses; 
circuit breakers; 
harnesses; ete. 

Power monitoring 
panel; AMU; hand 
tools and meters 

Power monitoring 
panel, 

Power monitoring 
panel; hand tools. 

t'd. 1 
HOURS 

0.5 

0.5 + 

- 

1.0 
inside 
s/c 

1/2 

1-2 

REMARKS 

Routine within S/C, 

Trouble shooting per test 
procedures inside S/C. 

-- 

I 

Periodic inspection of status 
of all electrical equipment - 
fuses, meters, light bulbs, 
harness connections, etc. 
Visual and electrical, 

Routine visual and electrical 
inspection of the battery. 

Repair by replacing "bad 
cells" and/or interconnection 
links or by use of overlays. 

Charge monitoring, Power monitoring , 1/2 : Routine spot check of state 
: of charge and charging panel. 

process. 
------___ I -,-- - _  - ---_-_ - 
Power Maintenance Power monitoring 2 Periodic inspection of status 
Condi- Inspection : panel; hand tools & of power conditioning equipment 
tioning i meters. on a point-point check basis. 

Repair/replacement Power monitoring , 1-2 2 Repair by replacing bad 
I 

I 
1 panel; hand tools, j components and clearing line , 

I fault indicators - fuses, etc. j 
i - ! -- I --_I____ I 
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Most of the items required are fairly obvious as to function and use, Certain of the 
crew tasks have not been simulated in tests directly, Until they have been, the precise 
detail form of the tool o r  part cannot and should not be defined. However, none of the 
tasks appear to present any difficulty based upon the limited experience to date. A 
great deal depends upon full scale testing and satisfactory zero-g simulation methods. 
The correct interrelation between detail design and simple positive manned assist also 
helps in defining the potential hazards. The tool items listed as requireaare based on 

premise that suitable astronaut restraining devices are provided at each particular 

tional tools. This fact, combined with attention to detail design for manned assist in 
orbital environment results in a relatively simple tool kit requirement. Most of the 
restraining devices suggested in the past have been directed to stabilization of the 
astronaut to a space capsule or  cylinder wall of large diameter. In the present 
applications, the restraining device would be of a similar form but basically for 
restraint to one o r  more tubes of 1.5 to 3.0 in. diameter on the truss work,as indicated 
in the sketches. Table 5-7 is a list of typical tools and spare parts. 

5.11. HAZARDS TO EVA AND MANNED ASSIST, The inclusion of manned assist 
or back-up in the satellite system, immediately imposes the requirement for manned 
rating of all components, also thorough testing and simulation to establish very high 
reliability standards for performing in the space environment. A s  a consequence, any 
deviation possible in the planned chain of events constitutes a potential hazard, unless 
it has been subjected to prior analysis and accepted as satisfactory,, The degree of the 
hazard should be understood, to enable certain courses of action or  correction to be 
defined as acceptable or  unacceptable and also to help define the astronaut constraints 
and limitations. The general hazard problems can be listed as follows: 

sk. Direct orbital experience has shown that this provision enables the use of conven- 

a. Unfired pyrotechnic devices. 

b. Approaching undeployed structure 
o r  components. 

c. Collisions with structure. 

d. Electric shock or electrostatic 
discharges. 

e. . Vision fogging, sun blindness. 

f. Suit damage. 

g. Heat. 

h. 

i. 

j. 

k. 

1. 

m. 

n. 

Life support systems failures 

AMU malfunction. 

Tether entanglement problems, cut- 
ting of tether, o r  drifting. 

Communications breakdown. 

Ionizing radiation. 

Micrometeoroid puncture. 

Microwave radiation. 

An expansion of these hazards is presented in Table 5-8. 

5.12. DYNAMIC EFFECT OF ASTRONAUT. With the exception of a few unusual 
situations the astronaut shares the average angular rate of the satellite. He can 
cause a momentary redistribution of angular momentum within the system by virtue 
of rates he imparts to his limbs. Steady state values of momentum can be acquired 
by the astronaut if he whirls his arms ox changes his moment of inertia contribution 
to the satellite total. A wide variety of actions, on the part of the astronaut, could 
then be expected to produce various levels of disturbance. 
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Table 5-7. Astronaut Tools and Spare Parts 

TOOLS 

Hand Torque 

c-Clamps 

Wire Splicer 

Coax. Splicer 

Voltmeter 

Metal & Mesh Cutter 

Power Saw 

Wrench Socket 

Screwdriver 

Stadia Calibrated Optic 

Locomotion: 

Tethers 

AMU for safety or rescue, but ia 

SPARES 

ACS P1~g-h  

Laaer Measurement Unit 

Power Line 

Coax. Line 

Tubular Element 13 I% 9 ft. (variable size 

Velcro Tape (Mesh) 

Thermal Coating (Spray & Tape) 

Lubricator 

Tube Hinge Lock6 

Plug in Electronic Modules 

Valves and Regulators 

Fuses and Fuse Blocks 

A reasonable occurrence, which could have a significant effect, would require the 
astronaut to change his attitude from one of being lined up with the satellite spin axis 
to an attitude normal to that axis (i.e. from a "standing" to a "lying" position). For 
a 6 ft., 200 lb. man this would result in a moment of inertia change of about 16 slug 
ft. 2. This change would have the greatest effect when affecting the satellite's minimum 
moment of inertia axis (about 100,000 slug. ft. 2). At best, the astronaut will produce 
a 0.015% change in the spin rate. 

A spin rate of 20 deg. /sec. would be quite high for this configuration and a 0.015% 
change would be 0.003 deg. /set. rate change and a momentum change of 5.0 ft. -1b. - 
sec. ; an amount easily picked up by an inertia wheel in 2 or  3 sec. 

An alternative approach to evaluating astronaut induced perturbations can be made by 
determining the size of the angular impulse required to exceed the ability of the 
inertia wheel to correct before a 0.03O pointing e r ror  develops. The velocity due to 
an impulsedH is &I/I. By the time the error  reaches a value of 0.02' it will be detected 
and the inertia wheel will torque at a maximum value of 2.0 ft. -1b. The inertia wheel 
will continue to torque at maximum untilAH is compensated for: 

2.0 t =AH 

IXzring the  time <the attitude must not change by more than the difference between the 
desired pointing accuracy (oc) and 0.02O: 

A H  1 max t 2 -  - t (N- .02) = -+ I I 

Using 2t =AH, t can be eliminated to yield: 
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Solar Radiation 
(Non-ionizing) 

5 -35 

Visual capability reduced by glare, 
sharp contrasts created by direct and lldarksidell operations. Sufficient 

Scheduling of certain EVA tasks for 

I 
, Alternate is to place cutting charge and 

Meteoroids ' Thermal-meteoroid protective garment Additional limitation on EVA 
for Apollo A6L suit necessary for the 
longer EVA tasks, and may be required dexterity. 
for all EVA. 

Possibility of cold-welding or other . Materials problem indirectly 

i fire from safety of spacecraft. I 
1 

i ~ astronaut mobility and manual 

I 

as sum e d) . I 



Table 5-8. Effect of Basic Hazards on the Concept (Cont'd. ) 

- 
Entanglement 

-- 
Rocket Plume Impinge- 

t 

Long tetherlines, umbilical considered 
undesirable hazards for EVA tasks 
around antennas. Short, rigidized 
tethers will reduce hazard. 

Protection against damage to spacesuit 

Operational 
Damage to space suit 
and loss of LSS. 

i ment (RCS). 
I 1 ,_- - - 

! 

I with spacecraft. 

I 
Loss of visual contact 

tethers, umbilicals required. plume impingement on astronaut o r  
safety lines. 1 

Malfunction of HHMU 
PLSS. 

Extreme caution by EV astronaut to 
avoid snagging on projections, TMG 
coverall will tend to protect pressure 
envelope but punctures may cause 
localized "hot spots". 

Frequent 2 min. rest periods must be 
scheduled during peak activity to re- 
duce metabolic load and possible fog- 
ging of faceplate. UV/light visor will 
reduce risk of blindness but 
emergency rescue/retrieval pro- 
cedures must be considered. 

Assume HHMU disconnected from S/C, 
astronaut must activate emergency 
back up system and return to S/C. 

Manual/automatic activation of 
emergency ECS, with return to S/C. 

EFFECT ON MISSION/SYSTEMS 

Sharp projections to be avoided in 
antenna designed for EVO. 

Adequate PLSS capability to handle 
peak metabolic loads required, Also, 
S/C illumination during darkside 
operations. Rescue/retrieval by 
safety line, S/C maneuver, o r  manned/. 
unmanned SlMU depending on distance 
and available quipment. 

Spacecraft may be required to man- 
euver to stricken astronaut when 
HHMU fails. 

-.- 

Emergency PLSS capability required 
to support astronaut for 1 hour. 

Damage to antenna structures possible. 

Assistance of second EV astronaut may 
be necessary. 

I 

I 
1 

...I - 
RCS shut down when any danger of 
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H2 
21 

1 
2 - .02) = - 

The smallest value considered for has been 0.03O which makes 

A H  = .0265 I o r  

for I = 10 , A H  = 8.4 ft. -1b. -sec. 5 

This value implies an astronaut rotating about his maximum moment of inertia axis 
(16 slug ft. 2, at a rate of 30 deg. /sec., or  some equivalent maneuver, for a period of 
8.5  sec., 

A translational movement could produce the same result if kept within the space and 
time contraints e. g. : An astronaut at mass M = 6.2 slugs pushes off a wall at 
velocity V and translates a distance of 4.0 ft ,  , normal to the radius vector to the 
center of mass of the satellite. In order to produce A H = 8.4 he must be a distance 
R from the center 'of mass, 

MVR =AH or 

This latter maneuver approaches feasibility and should certainly be avoided during 
precision pointing periods; however, it does not appear that normal crew motions 
will significantly affect the most critical experiments. 

The two cases considered are derived from examination of the rigid body behavior of 
the satellite. Additional errors  can be expected if the lower vibration modes of the 
antenna plus CSM combination are excited. An astronaut induced impulse of 2.0 lb. -sec. 
acting on the 22,500 lb. CSM will impart velocity of 2.86 x 10-3 ft. /sec. If the lowest 
frequency of the configuration is w = 1.0 rad. /sec, , a displacement of 2.86 x 10-3 ft. 
will result. Even if this motion is all normal to the beam axis the resulting pointing 
error  (oscillatory) will be 4 . 1  x 10-3 degrees. Harmonic o r  "boat rocking" motions 
on the part of the astronaut could cause an order of magnitude increase in the 
oscillatory amplitudes; this condition should certainly be avoided. A more detailed 
analysis using analytically derived modes and frequencies is in progress and will 
permit more exact determination of the influence of astronaut motion on pointing 
error. 

5.13 ASTRONAUT IMPACT LOADS. Even though tethereaan astronaut may occasionally 
lose contact with the antenna structure during an EVA.. His motion may be arrested by 
the tether o r  by a collision with an antenna truss element. The limiting bending moments 
can be estimated for that case if a few assumptions are made: 

a. The beam is assumed uniform and pin ended. 

b. The astronaut makes a hard point contact with the beam. 
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c. 

d. 

The following diagram illustrates the problem: 

The astronaut absorbs no energy during impact. 

The beam weight is small compared to the astronaut's weight. 

Y 

-X 

R2 

In the region 0 4 X < a 

Pb 
GEI I b3 - (I2 - b2)X] Y =  

n 

Y Vertical*deflection 

X Beam axis coordinate 

P = Applied load 

E = Young's modulus 

I = Areamoment 

f = a + b  

M Bendingmoment 
3EI I The spring stiffness at the impact point is K = P/Y = 

a2( I +I2 
E the mass of the astronaut is m, his kinetic energy at impact is KE = 1/2 mv2 
(V is his velocity normal to the beam). ?his energy will be converted into potential 
energy by stressing the beam till 1/2 mv2 = 1 / 2 ~ ~ 2  or  Y = v{' Since the 
load P i s  KY, P = V m  

Combining the relations yields : 
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which is always maximum when X = a 

This result shows the maximum bending moment to be independent of the point of 
impact. The associated maximum stress would be 

r =  beam radius = 1.5 in. 

v = 10 in,/sec. 

m = 0.5 lb. -sec. /in. 

E lo7 lb./in.2 

2 

I =  0.086 in. 

Q ;  162 in, 

These values yield a o m a .  = 15,000 lb. /in. which is acceptable for the 6061 
aluminum alloy in question. Local failure at the hardpoint contact has not been 
considered here. 

5.14 REFURBISHMENT. Electronic components and feed cone structure will be 
designed so that at a later time the CSM can dock to the large 100 ft. diameter reflector 
and refurbishment accomplished. The basic structure of the antenna with aluminum tubes 
and Chrome1 R mesh will last for an indefinite period in space. New electronic gear 
could be installed in the pressurized electronic feed area (another reason for the 
pressurization sys tem ). 

A new feed cone could be installed and the mesh readjusted for optimum performance. 
Replacement of the snap on attitude control engines would be required and possibly the 
bearings in the momentum exchange gyros. Solar cell panels could be replaced in 
segments and all powers lines inspected for deterioration. Additional solar power 
systems could readily be added to the rigid structure increasing the available power. 

Docking to another spacecraft is also feasible. Spider hard points in the structure 
provide ideal joining spots for docking the antenna on its rear side. Apollo impulse 
and docking loads could readily be taken in this rigid (2.8 cps) reflector. 

Initial consideration of refurbishment will significantly enhance the parabolic 
erectable truss antenna experiment to the national space program. 
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SECTION 6 

ANTENNA DISTORTIONS 

Since the introduction of the expandable truss concept and its adaption as a para- 
bolic antenna, continuing efforts have been directed toward reduction of the over-all 
surface tolerance. The basic guideline used has been to investigate the total dis- 
tortion in three categories. The first considers the manufacturing/fabricatian 
contribution. Second is the area of mesh erection and contour achievement, 
Thirdly, the thermal and dynamic effects are considered. While many improve- 
ments are feasihle with increasing cost and fabrication time, an R W  tolerance 
of 0.125 in. is feasible to specify for a 100 f t .  dia, antenna in orbit. 

A number of conservative approximations introduced into the analysis gives a 
resulting confidence range for the results. The pattern of hexagonal flats which 
approximates the true paraboloid surface has a small error  in a 30 ft. dia. or 
greater antenna. Manufacturing tolerances are directly proportional to the design, 
and inversely, to economic considerations, and therefore, must be maintained 
in a practical range. Based on a cost effectiveness philosophy, the mandacturing 
portion of the total tolerance can be reduced; not by loosening tolerance require- 
ments, but by optimization of the structure and elimination of tolerance accumula- 
tion. Then thermal/dynamic requirements may be slightly relaxed, with an 
increased confidence level of these calculations, 

Consider an abbreviated typical fabrication plan to construct the antenna structure, 

a. Erect 109 support posts and optically align each spider on a mount situated 
on the post. 

b. Attach all tubular elements to the spiders. 

c, Attach the webbing and mesh. 

d. Check contour accuracy using a precision template, 

The point to be made here is that each step requires some degree of precision 
along with an inherent range of tolerance. For example, the spiders are positioned 
optically from a fixed point. The bench mark on the spider has a tolerance, the 
optical device has a tolerance, and finally, the location of the spider on the mount 
has a positional tolerance. Normally, the tolerances are not maximum in each 
step of the process, but in general, follow a Gaussian distribution. 

A similar development of logic for the final product can be stated. The precision 
template that checks the contour has an accumulation of tolerances. The trans- 
ducer, the generation of the template, the cutting machine, the micrometer, 
and even the machinist all have a level of limitations which contribute to an over-all 
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tolerance accumulation of the final product. 
the number of measurements. 

mprovement can be made by reducing 

An investigation of reflector mesh surface distortion measurement resulted in the 
laser measurement unit discussed in Section 4-10. It can be used in space, and 
during the entire manufacturing phase, reduce all the previous uncertainties to a 
matter of accepting the capabilities of the one system. Anticipated tolerance 
measurement capabilities ot the laser measurement unit are: 

+ - 
+ 

0.005 in. in range measurement. 

4 arc sec. in angular measurement. 
( 2 4  arc sec. means + 0,010 in. when the unit is positioned at the 
focal  point and the fozal length is 40 ft, This error  could be reduced 
if the need existed, ) 

- 

The recommended approach for the entire fabrication phase of the structure is 
to base all measurements, positions, locations, etc. on this one device. Maintain- 
ing this precision throughout fabrication is a matter of routine check against an 
absolute standard, such as an W a r  bar and the solar cell detector matrix. Each 
is set with a degree of precision one magnitude better than the capabilities of the 
laser measurement unit. 

6 . 1  FABRICATION. 
in accurate positioning of the spiders, reduction of pin/bearing looseness, and elimina- 
tion of surface strut joint tolerance, Accomplishments in these areas include the 
following procedures. 

Tolerance control during the fabrication phase is emphasized 

a. The spider is positioned on its mount using the laser measurement unit 
set at the focalGoint. A solar cell matrix detector unit will align the laser 
to the center of the parabola. The laser beam/solar cell detector combination 
can be centered with an accuracy of + 0.001 in. Hence, using the align& 
equipment, each spider is located with a positional accuracy of: 

+ - 
+ - 

0.005 in. radially from focus. 

0,010 in. laterally with -I- - 0.002 uncertainty. 

During this phase, digital voltmeters will be used throughout to eliminate 
any parallax, interpolation, etc., readout errors. If the lateral e r ror  is 
considered excessive it may be reduced to + 0.003, along with the + 0.002 
uncertainty, by specifying a Phasolver with? 1 arc sec. accuracy for the 
laser measurement unit. The tolerance which produces distortion is, however, 
the + - 0.005 radial limitation. 

b. Strut members will be located between the positioned spiders. For attachment 
of the folding surface struts, the pinned ends will be secured first and then 
the flexible hinge located while on the main jig and spot welded in place. 
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The pinned ends are considered to have a maximum bearing tolerance of 
f - 0.0002 in. This is easily achieved by using precision spherical bearings, 
Both the bearing and the pin, which hold the tube to the spider clevis, are press 
fits, allowing rotation to occur only between the ball and its housing. Installa- 
tion of the diagonal member to its respective spiders is done in a similar 
fashion. Both ends are fitted with spherical ball rod end fittings, one LH, 
the other RH threaded, making the diagonal a large turnbuckle. The diagonal 
(or the rod end) is adjusted until the clevis pins may be easily and accurately 
inserted. 

e. A previous shortcoming of the expandable truss was the large number of pinned 
hinges and their associated tolerance accumulation, 
until the flexible tube hinge was adopted, Using this design, hinge tolerance 
was eliminated because the joint is assembled in place while the surface strut 
tubes are attached to the spiders. A result of this procedure is a nearly zero 
stressed truss. A sketch of the concept is shown in Figure 6-1. If the truss 
were bud t poorly to unexpected large tolerance variations, reflector tolerance 
could still be kept tight by local mesh adjustment. 

This was a problem 
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6 .2  ERECTION. Tolerances associated with the erection of the antenna, from 
the packaged to the fully deployed states, are from the approximation of the ideal 
paraboloid surface by small hexagonal flats and by the adjustment of the mesh to 
the structure to achieve the proper contour. Mesh attachment and adjustment has 
progressed from the original elemental triangular sections to the elemental hexagonal 
flats. The result is less surface error. Mesh structure interface cons-lsts of: 

(a) Mesh support posts 

(b) Flexible Webbing 

(c) Tension Lines 

(d) Mesh adjustment sliders 

See Figure 6-2. 

RETAINING SCREW 

- 

,r- SPIDER 

I ADJUSTMENT SCREW (12) DOWEL PINS(3) 

h 

TENSION LINES (12) 

\ i  V MESH ADJUSTMENT’ 
SLIDER (12) 

VIEW A- A MESH SUPPORT POST 

Id  f MESH 
A A 

I 

Figure 6-2. Adjustable Spider Joint 
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The features of the current design are that the mesh is supported completely 
above the structure and in no way interferes with it, Each hexagonal flat is indepenn 
dently adjustable. The knit mesh itself is extremely flexible and has conaiderable 
"stretch", which is inherent in the knitting process, allowing adjustment of singlle 
hex flats. Cold welding in the packaged state is not a problem due to the light 
pressure and moderate temperatures. 

Curvature error  is the error  of hex flats approximating a curve and is determined by 
the foJlowing calculations. Figure 6-3 shows a small segmeat of mesh in one 
triangular bay. A spherical approximation to the parabolic radius of curvatwe 
may be shown to be: 

f 
= 2f + 32 (f/D)z 

If f/D = 0.4 and diameter is 100 ft. (1200 in. ), then, 

f = 480 in. 

and 
= 1053. 750 in. 4 80 

= 960+ 32(0,4)L 

Distance 1 (Figure 6-3) is 40 in, The hex flat, from point to point is: 

X = 2/3 X 40 = 26.666 in. 

Figure 6-3. Mesh Segment In One Triangular Bay 

6 -5 



Curvature e r ror  is calculated from the simple equation as derived in Figure 64, 

Figure 6-4. Spherical Approximation to Parabolic Curvature 

R2 = (R - Y)2 + X2 Y = R - p w x 2  

Using this to calculate curvature error, when R = 1053. 75; Y = 0.085 in. 

Assuming the hex flat to be centered between the curve obtaining a best fit, the 
mean error  has a range of + - 0,043 in. 

Mesh installation tolerance has been defined by Convais to indicate a level of 
effort necessary to bring the mesh into the proper curvature during the antenna 
assembly phase. The entire reflective mesh area may be mapped out by the 
computer to indicate the orientation of the hex flat relative to the facal point, 
The area of interest here is to indicate the precision to which the mesh is adjusted. 
It is quite conceivahle that the mesh caa be located exactly as prescribed, but 
this would require an excessive number of manhours, However, coasidering the 
measurement capabilities of the laser measurement unit, mesh adjustment wiU 
be prescribed arbitrarily as 12 times the measurement resolution. This means 
that during the mesh installation, when the hex flat is within + 0,010 in. of the 
calculated location, the surface adjustment requirement has 6een met. This toler- 
ance, which contributes to over-all distortions, is prescribed rather than a conse- 
quence of the design. 

A summary of the fabrication and mechanical distortion and mesh contour" error  
i s  presented in Figure 6-5 and Table 6-1. 
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NOTE: SPIDERS ARE LOCATED INDEPENDENTLY; SPIDER TOLERANCE NOT A 

T*O, 005 

\*O. 005 LkO. 005 

6 
Figure 6-5. Parabolic Antenna Assembly Tolerance 

Table 6-1. Assembly And Mechanical Tolerance Summary 

SOURCE TOLERANCE 

1. Spider Location on Fixture f c 0,005 

2. Spherical Bearing Mdurnulation, Surface, f - 0,025 
and Diagonal Struts (at periphery) 

3, Mesh Installation and Adjustment 4- 1 0,010 

4. Mesh Contour Error f - 0.043 
5. Mesh Measuremeat (Laser Measurement Unit) I- 0.005 
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6 . 3  THERMAL DISTORTION. - Temperatures may vary around the periphery 
of the truss tubes or other structural members depending upon the time and angle of 
exposure to solar radiation. This temperature variation across the member produces 
bowing and represents an antenna surface distortion at the points where the mesh is 
attached, An analytical derivation of the magnitude of the bowing for a linear tem- 
perature variation with respect to the tube diameter is given below. 

TL 

L 

The temperature distribution shown represents a linear variation about the neutral 
axis of the tube equal to (Tu - TL)/2 = T and is constant throughout the length of 
the tube, Since this differential is constant, the resulting unit elongations in the 
outer fibers are also constant. This uniform elongation can be analogized to the case 
of a member with equal end moments, M, applied as shown in the previous sketch. 
Then: 

where a = coefficient of thermal expansion. 

The maximum deflection, occurring at mid-span is: 

D = Tu, L = Tube Length 

r T 

= a(AT) 
D Y max 

Some general observations can be made on the basis of this equation at this point. 
The first is that the deflection, as shown, is independent of the member thickness, 
This is true if AT is constant; however, it would vary some if a fixed heat input were 
applied to members of constant diameter, but widely varying thicknesses. This 
variation is negligible for the slightly different member thicknesses encountered in 
this study. 

Thermal back to front variation of a tube element is a direct function of the tube 
thickness, Based on the eight element expandable truss geometry, the bowing of 
a typical tube for various size antennas is shown in Table 6-2. 

Since the reflector mesh is not attached to the tubes, the major effect of thermal 
bowing is shortening. This means that the member arc length under bowing 
represents the original length and, therefore, a shorter distance must exist for 
the straight line between end points. The following case of member shortening is 
solved to demonstrate the level of magnitude involved. 

Shortening = S = ( 0 . 5 ~  - 0.25 M/N) , / z x  + (M2 + 1) 

- 25 log (8N2x - 4MN + 4N 
N 

where: M = CY (AT)(L/D) N=CY(AT)/D = M/L 
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Table 6-2. Maximum Deflection For Different Antenna Diameters 
c 

Antenna Dia, Y ~ a x  (In.) 
L/P = 150 L/P= 200 L(ine) = 1. 5d d, (ft) 

20 0.0099 0,0132 30.0 

50 0.0248 0.0330 75.0 

100 0.0495 0.0660 150.0 

150 0.0743 0.0990 225.0 

Based on antenna diameter, d: 
L/p = 150 = 0.33(1. 5d) x lom3 = 

L 

0.495(d) x 

= 200 = 0.44(1. 5d) x = 0.660(d) x 

~ Ymax 

Ymax P 
- 

Checking the particular case of a 100 ft .  dia. antenna and using L/P = 200 gives the 
following results: 

S = L = 150.0 in. = original member length 

X = Z, = 149.986 in. = distance between ends 

Thus, the change in length for this member due to bowing is 0.014 in., which 
represents a change of 0.01%. Since loads are light, secondary bending of the 
truss members resulting from the bowing i s  negligible. 

A 100 ft. dia. truss antenna was evaluated for a 100°F temperature differential 
across the antenna. This temperature variation approximated that of a parabolic 
distribution with the following equation: 

T =  0.01X2+X+25 

Thus, atX = -50, T = 0; and atX = 50, T = 100 (Note that, where Z is the axis of 
revolution of the paraboloid, and XYZ a Cartesian coordinate system, the YZ plane 
is a plane of symmetry for the upper and lower surface of the truss). 

An existing computer program (4137) was used to determine the behavior of the 
antenna under the action of the thermal loads. Outputs of this analysis consisted 
of: 

a. 

b. 

XYZ components of deflection at each of the 109 nodes of the structure. 

Internal (tensile o r  compressive) load in each of the 423 segments of the 
structure. 
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Al l  deflections are referenced to the hypothetical intersection of the feed support 
booms as datum. 

Consider the eight segments an the upper surface at Y = 0. The sketch below shows 
this cut and the ternperamre distribution. Tahle 6-3 gives the deflection components, 
At a typical node, displacement of interest is N, normal to the surface. N, W, 
and W are related: 

N = U(1) 4- W(m) 

where 1 and rn are direction cosines. (By the sign convention adopted, N i s  
positive when directed outward. ) From the equation above, N has been calculated 
for nodes 1-9. 

Table 6-3. Deilection Components 
__I_ 

Node 

1 

2 

3 

4 

5 

6 

7 

- 

a 
9 

_1_ 

50 

37.5 

25 

12.5 

0 

-12.5 

-2 5 

-37.5 

-50 

(ft) 

12.30 

6.84 

2.93 

0.58 

-0.19 

0.58 

2,93 

6.84 

12.30 

3.4043 

2.1676 

- 1.2262 

0.4880 

-0.1406 

-0,2796 

-0.4080 

-0,4351 

-0.4082 

-0,8391 

-0.0590 

0.3538 

-0,4609 

-0.0187 

-0.0078 

0,0047 

0.0566 

0.1796 

z 

-0.91615 

-0,93532 

-0,96866 

-0.99046 

-1.00000 

-0.99046 

-0.96868 

-0.93532 

-0.91616 

m 

0,40082 

0,34954 

0,23856 

0.12333 

0 

0,12333 

-0.23858 

-0.34954: 

0,40082 

Values of normal deflection are tabulated in Table 6-4. Also, the R'MS and ratio 
RMS/Diameter are presented, Finally, the ratio of normal deflection/RMS for 
each node is tabulated. Note that these deflections increase with distance from 
the center of the truss. 

x. u 

T = 100 
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Table 6-4. Normal Deflection 

Node 3 
N x  10 2 6  

N x 1 0  

-3.4558 

-2.3976 

-1.4154 

-0.5401 

0.1406 

0.2760 

0.3941 

0.4872 

0.3038 

11.9426 

5.7485 

2.0034 

0.2917 

0.0198 

0.0762 

0,1553 

0.2374 

0.9229 

-2.24 

-1.56 

-0.92 

-0.19 

0.01 

0.05 

0.10 

0.15 

0.60 

10% = 21.3978 

RMS x lo3 = d m =  1. 5419 

RMS 1. 54 _x = 1. 54 x lO-’ft, for 100°F differential ternpera- -= 
D 104 ture. 

For the second case studied, the same initial parabolic temperature distribution 
was used, but with a shadow covering part of the antenna. 

Application of the previous distribution gives upper and lower eurfaGe gradients as 
shown in Figures 6-6, 6-2 and Tables 6-5, 6-6. (X-coordinates are given above 
the figures; member temperatures at midpoints are given below. ) For the 120 
elements joining the upper and lower surfaces, temperahxes are best calculated 
in tabular form, as shown following the charts. 

Now modify this distribution by regarding the portion of the structure shaded by the 
feed (the shaded portions of Figures 6-6 and 6-7). 
T = 0. 
running from a node where T = 0 to a node where T = Tt is set to T = 1/2T,. 

The affected nodes are Set to 
Thus, all elements connecting these nodes are at T = 0; any element 
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Figure 6 -7. Upper Surface Temperature 
Chart (OF)  

Figure 6-6. Lower Surface Tempera- 
ture Chart (OF) 

Table 6-6.  Upper-Lower Surface Element 
Temper a tures 

Table 6-5. Temperature Calculations 
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Constraints. The analysis method used herein is of the discrete assembly (displace- 
ment) type, and consequently the structure to be analyzed must be constrained 
against rigid body displacements. 
actually undergoing rigid body displacement. In this case, almost zero displace- 
ments were prescribed at points on the tripod. These constraints may be regarded 
as establishing a set of reference points. They are chosen so that no loads are 
introduced into the truss. 

This  is true for an orbiting antenna, which is 

Results of this analysis are given in Figure 6-8 and Table 6-7. 

In Figure 6-8, + is a tensile load. 
Euler buckling loads are well above values attained here. Lower surface member 
loads are comparahle to, and surface -to-surface elements loads are generally lower 
than the upper surface loads. 

Note that they are small. Also, the classical 

Figure 6-8. Upper Surface Truss Member Loads 
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Table 6-7. Shaded Area Deflection Components 

2 2 
Node 'u x 10 wx 10 1 Mx 10 N x  10 

2 2 

28.894 

15.540 

0 

~0.063 

-2.317 

-2.687 

-0.884 

1.824 

6.247 

27.329 

7.884 

0 

-9.722 

-5.179 

4.495 

15.546 

25.509 

36.732 

-0.91615 

-0.93532 

-0.96868 

-0.99046 

-1.000 

-0.99046 

-0,96868 

-0.93532 

-0.91615 

0.40082 

0.34954 

0.23858 

0.12333 

0 

-0.12333 

-0.23858 

-0.34954 

-0.40082 

-15.517 

-11.807 

0 

-1.261 

+2.317 

2,107 

-2.852 

-7.210 

-9.000 

DEFLECTED 

,z  
W 

The sketch above shows the deflected shape of the upper surface lying on the XZ 
plane. The Z-scale is greatly exaggerated. The surface deviations do not appear 
to offer a problem even using the 100' temperature variation. 

It should be noted that the 100' variation was initially set up as a unit condition with 
the final results being modified by the latest "worst" case gradient obtained, The 
true variation appears to be more on the order of 350F f 5 O  so that the results here 
should actually be reduced to 40% of those shown. No aGempt has been made to do 
this; however, since the lOOOF results are  not critical. As can be seen from the 
abwe figure, movement of the feed to the new focal point could significantly reduce 
the distortion effect. 
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6 .4  DYNAMIC. Antenna distortions arising from elastic deformations are of 
two types: 

a. Steady state. 

b. Oscillatory. 

The first occurs when the antenna is subjected to non-time varying acceleration 
fields. These can arise from control force application or from steady state rotations 
(in e., centrifugal forces) The second type of disturition arises when time varying 
forces or moments act on the satellite's elastic structure, Since mass is also 
present, the structure will react by oscillating harmonically. 

In either case, there will be an RMS distortion of the antenna structure resulting 
in a deterioration of RF performance, if the distortion exceeds allowable values, 
Extrapolation of the elastic data for the 100 ft. antenna analyzed in Reference 1 
indicates that spin rates about the beam axis, as high as &O RPM, will not produce 
surface deformation in excess of the desirable C/D < 10' . Since requirements 
are for only 1 RPM, a further reduction of s p h  distortion by loo4 can be expected. 

It is quite likely that difficulties would be encountered if the current concept with 
CSM were forced to operate with the RCS because of the influence of the CSM mass 
in lowering the first mode frequency. However, a working inertia wheel system 
has a 600 to 1 torque ratio to offset the potential 10 to 1 frequency change. 

Once free of the CSM, either the RCS or wheel system can provide precise control 
while limiting dynamic distortion to well below design values of a/D of 

6.5 ANTENNA DISTORTION SUMMARY. In the previous four sections, an 
analytical justification of expected distortions has been presented. Distortions of 
the antenna, while in the operating mode in orbit, have detrimental effects to the RF 
beam if not controlled. Table 6-8 summarizes the complete distortion which may 
be expected to occur on a "worst" case basis. 
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Table 6-8. Overall Antenna Distortion Summary (Worst Case Basis) 

SOURCE AMOUNT (in. ) 

FABRIC ATION: 

1, Spider location on fixture + 0.005 - 
4- 0.025 2. Spherical bearing looseness accumulation over -a1 -r 

effect (all surface and diagonal struts taken into 
account) 

ERECTION: 

+ Q.060 
+ 0.043 

1. Mesh installation and adjustment (ground & space) - 
2. Mesh contour error  (curvature approximation of - 

hex flats) 

THERMODYNAMIC : 

1. Reflector shading mesh and structure including + - 0.066 
+ - 350 parabolic temperature distribution 

DYNAMIC: 

1. One (1) roll about roll axis/lst vibrational mode + - 0.010 
excitation 

MEASUREMENT SYSTEM (Laser Measurement Unit) + - 0,005 

Total Distortion f 0.214 &I. 

Worst Case RMS 0.103 RMS 

Recommended Specification For 0,125 RMS 
a 100 Ft. Dia, Reflector 
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SECTION 7 

RELIABILITY 

7. 1 MISSION RELIABILITY. 

1. 1. 1 Reliability in Design. The parabolic expandable t ru s s  antenna achieves 
a high degree of reliability through use of proven types of components, 
redundancy, and a carefully planned program of design development and test. 
This reliability i s  necessary to a s s u r e  successful completion of initial 
antenna and satellite tes ts  and of the subsequent extended unattended period 
of operation that completes the total experiment. Feasibility of mechanical 
operation indicative of the expandable t russ ,  including erection, after space 
exposure periods of two weeks o r  more  has been demonstrated by the Surveyor 
equipment. 
Telstar,  Relay, Syncom, Tiros, Transit  and Nimbus and Early Bird. These 
satell i tes demonstrate that a useful lifetime of over two years  i s  practical  
for future communications satellites. Therefore i t  i s  reasonable that the 
experiment can be designed for two-five years  o r  greater  life. 

Satellites which have operated in excess  of a year include 

Components in the electronic data, R F  system, attitude control, station 
keeping, and navigation system w i l l  have specifications similar to those 
used in communications satellites and in the Apollo program. 
i tems w i l l  be used whenever possible. 
applications wi l l  be applied to reduce the probability of failure modes that 
have occurred. Also, new modified design will incorporate reliability 
irhprovements such as integrated circuits in electronic components. 

Off-the-shelf 
Experience gained f rom previous 

The t rus s  s t ructure  of the deployed antenna is highly redundant both during 
and af ter  deployment. 
res is tance of a joint if it should become "sticky". Adjoining members  will 
help the affected member ca r ry  through i ts  required motion. After deploy- 
ment alternate satell i te operating modes a r e  available. In the attitude 
control system the inertia wheels and thrus te rs  back each other up to a 
large extent. Pitch and yaw axes a r e  interchangeable. The yaw axis 
components can back up some of those in pitch, since the pitch w i l l  be 
exercised the most. The attitude control thruster  system has thruster-out 
capability which requires  study in further detail. However, certain 
combinations of severa l  thrusters  could become inoperative without loss  of 
attitude control antenna. R F  characterist ic measurements  can be taken by 
using either receivers  o r  t ransmit ters .  Although i t  is desirable to deter-  
mine antenna characterist ics a t  6 GHz, useful testing can be performed at 
lower frequencies in the unlikely event that both the high frequency t rans-  
mitter and receiver fail. If necessary,  the USB transponder could be used 

This s t ructural  redundancy helps to overcome the 
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for R F  measurements.  Conversely, data could be received and t ransmit ted 
at  one of the tes t  frequencies in case of failure of the transponder. 

The mechanical deployment elements of the antenna require  an element and 
full scale  tes t  program, These elements include joints, springs and locks, 
t ru s s  members ,  mesh and webbing. Development and testing w i l l  a s s u r e  
that the total s t ruc ture  wil l  open to the fully deployed condition. The joints 
must  work freely. 
enough to drive the entire s t ruc ture  out and the locks must  operate dependably. 
The mesh and webbing must be packaged so as to pay out with the members  
during deployment. No s lack in the mesh is allowable and yet mesh tension 
near the end of deployment cannot be excessive so a s  to prevent full deploy- 
ment. All  these components must  function properly after severe  vibration 
of the packaged structure.  An analogy to the many pin ended members  and 
bellcranks in an  a i rc raf t  control system may be used for the system evalu- 
ation. 

The springs on the three major diagonals must  be strong 

7. 1. 2 Reliability During Initial Tests. A preliminary reliability prediction 
was  performed for the initial two-week period of antenna erection, checkout 
and testing. The prediction compares the reliability during and through the 
various experimental steps for a manned period and for an assumed unmanned 
configuration over the same period. 
calculated based on the successful operation of minimum equipment on 
operating modes peculiar to each step 
the system is operating. 
then the over-all  probability that the system wil l  complete that step. 
Redundancies and alternative operating modes have been taken into account 
for both the manned and unmanned cases.  
ation is functionally s imilar  to the docked manned assembly but i s  assumed 
to contain switching and logic to utilize redundancies and backup modes if 
fa i lures  occur'. 
antenna equipment, but does not include the launch system, upper stage, 
ground system or ,  in  the manned configuration, the CSM. The prediction 
is summarized in Table 7-1. 
except for their  erection, since sufficient margins  of safety a r e  incorporated 
to a s s u r e  their  integrity. Certain components that contribute to the quality 
of the performance of the experiment, but not to ultimate experiment success,  
a r e  not included. Such components include the air-lock life support system 
and hatch and S-band power output amplifier. 

The step-wise reliability values are 

given that the required balance of 
The cumulative reliability value at  each s tep is 

The detached unmanned configur- 

The prediction includes effects of launch into orbit  on 

Structural  components a r e  not included 
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Table 7-1, Task Reliability Through Initial 14 Days-Parabolic Expandable Truss.  

WBSYSTEM 

Antenna 

Electrical 

Attitude 
Control 

Data 

R F I  Instrument- 
ation (includes 
laser measure- 
ment unit) 

Antenna per 
Task 

Manned 
ANTENNA ASSEMBLY 

FEED REFLECTOR SURFACE PATTERN NOISE TRANSMIT POINTING 
EXTRACTION DEPLOYMENT DEPLOYMENT MEASUREMENT MEASUREMENT TEMPERATURE RECEIVE ACCURACY 

.9983 - - .9983 . 9 9 8 1  . 9 8 8  
"1 00 .999995 .999922 ,999994 

.99982 . 999911 
.999999 .999991 - 

, 9 8 9  
.999992 .999997 .999921 

- . 9 9 7 9  .9986 

.99933 .99938 ,999928 .9986 
.999999 .999997 . 999999 .999999 

a -- .99959 .9982 
.999999 .999998 .999999 .999994 

- -  - 

.9983 .9981 - . 9 8 8  . 9 9 5 8  . 9 9 1 9  .9976 9 989 - -  
- 1  00 . 9 9 9 9 9 5  .999919 .999992 .999982 .999996 .999993 .999927 

A valid question can be ra i sed  concerning the lifetime of certain components. 
In particular,  i t  i s  difficult at present to procure storage batteries whose 
reliability is guaranteed beyond two years.  It is possible that a five-year 
battery could be developed in the near future. 
car ry  a standby se t  of batteries to be activated at the end of life or on failure 
of the f i r s t  set. This solution entails a severe weight and volume penalty. If 
the five-year mission becomes essential, batteries and other limited-life 
components could be replaced by manned refurbishment missions,  
panel also has limited life, due primarily to radiation. 
t ime is governed by initial excess power capacity of the panel. 
limitation on panel lifetime for a given peak power requirement  is the avail- 
able a r e a  on the panel. It i s  possible to provide a heavy protective filter for 
the panel that would absorb most  of the radiation. The fi l ter  would reduce 
light transmission to the cells over a period of time, but power generation 
would degrade at a far slower r a t e  than by loss  of cells. 
systems currently operating are exceeding their  predicted life. 

A m o r e  certain solution is to 

A solar  
However, this life- 

The only 

Most solar cell  

Antenna . 9 9 8 3  
Cumulative .999995 .999914 
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Finally, the mesh surface i s  subject to degradation due to meteorites.  
In the worst  case  a perfectly tangential hit could cause a tear of grea te r  
than two feet. Due to the mesh weave, the t e a r  wil l  not propagate. At 
6 GlIz such a tear  would cause the loss of about 1% of effective antenna 
area.  Most t ea r s  due to meteori tes  would not approach this extreme base 
but would be less than an inch in length. Even with a la rge  number of 
expected smal l  t ears ,  unless extremely localized, antenna R F  performance 
would be'appreciably degraded only at the highest frequency of 6 GHz. An- 
other potential cause of reflector surface degradation is relaxation of the 
webbing. 
a s s u r e  that significant c reep  cannot occur in the webbing mater ia l  under 
the tension provided, including that due to s t ructural ,  thermal ,  and dynamic 
distortion. 

The web design must  provide a sufficient margin of safety to 

Component fa i lure  r a t e s  a r e  based mostly on those in the Fai lure  Rate Data 
Handbook (FARADA), ( reference 2 ). Electr ical  power component data 
were extracted f rom a paper, "An Evaluation and Comparison of Power 
Systems for Long Duration Manned Space Vehicles", ( reference 3 ). 
Data for most of the attitude control and navigation components were de- 
r ived from "Satellite Orientation with OAO Developed Attitude Control 
Components", ( reference 4 ). Failure  r a t e s  were adjusted to ground 
laboratory conditions as required to make them equivalent to r a t e s  in  orbi ta l  
environment. Fo r  the orbi ta l  launch phase the ground r a t e s  were multiplied 
by 80, in accordance with MIL-STD-756A. Man's contribution to reliabil i ty 
w a s  determined for consideration of whether the astronaut could take 
corrective action for a given component failure.  
possible, a s  i s  most  often the case,  the overal l  probability of component 
success  is approximately equivalent to that of a standby redundant configur- 
ation where the standby unit has  a probability of s tar tup of less  than one. 
The probability of s tar tup accounts for the effectiveness of corrective action 
and i s  based on expected difficulty of the task. Actual ways of improving 
experiment reliability by astronaut participation a r e  discussed in section 7.2. 

If correct ive action is 

The antenna erect ion sequence is the leas t  reliable single s tep in the two- 
week experiment. 
multiplicity of working joints and the problem of having the mesh assume an 
accurate  surface of revolution. The problem i s  largely relieved, but not 
completely eliminated, by the mechanical and s t ruc tura l  redundancy of the 
t russ .  
any measure  that improves reliability of this phase must  be seriously 
considered. 
degrading effect on total experiment reliability. 
pr imari ly  to the more  stringent requirements on the attitude control and 
station keeping. 

The reflector deployment is of major concern due to the 

Since deployment i s  vital  to subsequent progress  of the experiment, 

The pointing accuracy tes t  phase appears to have the next most  
However, this effect is due 

The probability of success  of this tes t  sequence has  little 
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effect on subsequent usability of the antenna because i t  wil l  s t i l l  be operable 
even though stringent attitude control accuracy cannot be maintained. 

7. 1. 3 Degradation During Two to Five Years.  
of the antenna as a function of orbital  lifetime, given initial successful 
operation. 
capability of the antenna for transmitting and receiving signals between it 
and the earth,  the data system and attitude control. 
to be unmanned over the entire period shown, but some automatic o r  
remotely controlled switching is available for alternative operating modes . 

Figure 7-1 shows reliability 

The success  cr i ter ion used for this curve is the minimum 

The satell i te is assumed 

YMENT 0.998 

OR DEPLOYMENT 0.988 
MEASUREMENT 0.998 

TRANSMIT 0. 

2 4 6 DAYS 8 10 12 14 16 

Initial Antenna Reliability. Figure 7- 1. 

Most of the reliability degradation shown is due to the mechanical portions 
of the attitude control and station keeping system. 
long period is expected to be comparatively insignificant because the solid 
state electronics should degrade very little. With the margins  of safety 
provided in the s t ructure  under the expected thermal  and dynamics loads, 
s t ructural  degradation is not significant to the success cr i ter ion stated. 
The curve shown assumes  no ser ious lifetime limitations on any component, 
a point which is discussed below. 
sys tem reliability for two and five years. 
attitude control and station keeping reliability appears acceptable, unless a 
five-year lifetime were  essential. The previously mentioned redundancy of 
this sys tem accounts for the relatively high reliability values. 

This degradation over a 

Table 7-2 gives subsystem and antenna 
It is observed that even the 
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Table 7-2. Antenna System Reliability, 2 and 5 Years  
Given Initial Success State. 

SUBSYSTEM TWO YEARS FIVE YEARS 

Antenna -1.00 "1.00 

Electrical  9980 . 984 

Attitude Control . 9 3 5  . 8 2 1  

Data .99928 9 9956 

R F  , 99982  9990 

Total Antenna System . 933 . 8 0 3  

7. 2 MAN'S IMPACT O N  RELIABILITY. 
f rom the very beginning is more  simple and reliable. 
schedule can be reduced by assigning man to taske normally requiring complex 
automation, 
his abilities to: 

With  man available, the design 
Experiment cost and 

Man's contribution to antenna reliability is due prirnariry to 

a. 

b. 

C. 

d. 

e. 

Per form dependable diagnosis of diff icultie s . 
Make decisions on how to proceed in case of failure. 

Reliably provide the required switching function in case 
of failure of a pr imary  operating mode, 

Take corrective action in cases  where provision for 
automatic or remotely controlled correction is impossible 
o r  not feasible. 

React to unforeseen events. 

Also, the CSM offers additional redundancy during the manned stay. 
provide backup tes t  frequencies and receivers ,  data processing and traos- 
mission and-some attitude control and sensor  equipment i f  any of these 
systems should totally fail on the antenna, 

It can 
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Although the antenna and SLA structures  a r e  instrumented, the erection 
sequence should be observed visually for rapid evaluation of over-all  
progress.  Very few causes of fa i lures  can be determined by telemetry. 
In most  instances instrumenta 
conditions and not the reason for the condition, 
this function better and more  reliably than TV cameras .  
indicated, an astronaut can inspect the affected a r e a  by EVA and probably 
repair  a s  necessary.  
a r e  things that can be corrected only by manual repair .  
to extend i ts  members  fully, f rac ture  or serious distortion of a member o r  
mesh t e a r s  a r e  examples of problems which may be corrected by EVA. 
As a result ,  the deployment reliability prediction shows an improvement of 
several  o rde r s  of magnitude due to presence of the crew. 

n can only indicate out of tolerance 
The astronauts can perform 

If a trouble is 

Most of the potential problems during deployment 
Fai lure  of a spring 

If it proves difficult to keep electr ical  R F  and instrumentation leads out of 
the way o r  protected through antenna deployment, they can be coiled in the 
feed electronic can until after deployment. Then an astronaut can run them 
out to their  connectors. 
more  reliably than a remotely operated switch by switching leads to provide 
the desired sequence of operation. If a planned step in the experiment 
should fail,  he can either set  up an alternative mode o r  go on to the next 
task, depending on available time. The resul t  is higher reliability, a s  
shown in Table 7-1. 

In any event, he can perform switching functions 

A potential problem arising f rom employing alternative operating modes 
during the CSM stay is the longer t ime required to complete the task. 
Assuming that about 40 hours remain after a l l  scheduled and housekeeping 
tasks and r e s t  periods a r e  completed out of a two-week stay, the t ime is 
limited for unscheduled tasks and longer task t imes due to adopting alterna- 
tives. 
occur the crew could run out of t ime before their  par t  i n  the experiment is 
complete. The mean time to r e s to re  failed components in the satell i te is 
estimated to be about 2. 5 hours. With  80 excess  manhours available for 
unscheduled tasks,  a l l  possible component repa i rs  can be completed with 
vir tual  certainty. However, the problem could exist in longer required 
task times. For example, if the USB transponder failed, only the 100 MHz 
frequency might be available a s  a data link, resulting in a narrower band- 
width and lower bit ra te ,  requiring longer t ransmission times. A detailed 
analysis of the tasks in Section 5 task-time schedule sheets must be made 
to estimate a pract ical  prediction of the abnormal tasks,  
could be substantially affected causing a reduction in task or  an extension 
beyond the fourteen-day period for the crew. 
by scheduling the more  essential  tasks ear ly  so that i f  t ime runs out, only 
less  essential  t es t s  a r e  not completed. 

Therefore,  it is possible that if a number of component failures 

Time line analysis 

The problem can be alleviated 
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7,2 RELIABILITY SUMMARY, With the experiment designed to use man 
in each phase, total reliability can be increased from 0, 963 for an unmanned 
system to 0. 998. 
reflector is 0. 988, Calculations a r e  based on the resul ts  of a i r c ra f t  controls 
systems that use multiple pushrod hinged elements. Five year reliabil i ty,  
a s  shown byFigure 7&2, is primarily diminished by the attitude control and 
power system. Once deployed, the reflector,  with insignificant meteoroid 
punctures and thermal  coating degradation, is relatively unchanged. 

Reliability for  successful deployment of the feed and 

h 

W IDENTIFIABLE RELIABILITY 
DE GRADATION 

-4 

0 1 2 3 4 5 
YEARS IN ORBIT 

SUBSYSTEM 

ANTENNA 

ELECTRICAL 

ATTITUDE CONTROL 

DATA 

R F  

TOTAL 

2 YR, 

1.0 

0.998 

0.935 

0.999 

0,999 

a. 933 
- 

5 YR. 

1.0 

0.984 

0.821 

0.995 

0.998 

0.803 

- .  

- 

Figure 7-2. Five Year Reliability 
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SECTION 8 

RESEARCH, DEVELOPMENT, TEST AND ENGINEERING 

8.1 INTRODUCTION. 
focal point for the planning documents and information necessary to define I 

all steps required to  achieve a functioning orbital  experiment  a s  par t  of the 
AAP. Definition its required in sufficient detail to  support NASA resource 
allocations between the candidate experiments to  identify requirements  f o r  
manpower, research, development and tes t  facilities, and to define schedule 
interactions and budgetary planning data to achieve, f o r  AAP, maximum 
utilization of resources ,  

The purpose of the RDT&E plan is to  provide a 

The RDT&E plan provides: 

a .  Work breakdown structure.  

b. Prerequis i te  orbital  experiments. 

c. Research, manufacturing, tes t ,  and s upport plans. 

d. Schedule. 

e. Cost analysis. 

The work breakdown structure  incorporates the sys tem elements and iden- 
tifies the tasks associated with each. 
the preceding design chapters,  in the sys tem specification and the supple- 
mentary research ,  manufacturing, test  and support plans of this chapter, 
the schedule and cost data have been generated in accordance with specific 
identifiable tasks.  

Based on guidelines established in 

The level of definition throughout the RDT&E plan i s  selected to be commen- 
surate  with the planning indicated in t h e  design chapters, and tailored to 
subsequent completion of NASA F o r m  1347 for the Parabolic Antenna Experi-  
ment. 

8 . 2  WORK BREAKDOWN STRUCTURE. A work breakdown structure  for 
the Parabolic Expandable T r u s s  Antenna Experiment is  shown in F igure  8-1. 
Development of the experiment is assumed to be within the Apollo Applica- 
tions P r o g r a m  so that the other major  segments required for flight a r e  G F E  
to the experiment project. Incorporation of other experiments into the same 
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launch vehicle, while shown a s  potentially feasible, a r e  also assumed to be 
GFE. In addition to basic hardware the following elements a r e  shown: 

a.  

b. 

C. 

P r o g r a m  Management. 
office activities in general  categories , of technical management, con- 
t ro l  and documentation, 

This element includes all of the program 

Systems Engineering. Two work a reas  a r e  defined - contractor control 
and subcontractor control. In t h e  first, systems engineering p e r f w m s  
technical analvses and initiates design requirements and establishes 
reliability standards; verification of design is achieved through an 
integrated tes t  plan. Subcontractor control is achieved through selec-  
tion, surveillance and product inspection. 

Support Operations. This element includes those ancillary operations 
necessary to  the accomplishment of the experiment mission - training 
of personnel, preparation of procedures , participation in pre-launch 
and launch activities. 

8.2.1 Aerospace Equipment. The vehicle-borne equipment is shown under 
two different classifications. 
associated design, fabrication and assembly tasks.  The  antenna, adjust - 
ments and associated components a r e  included in this group. Second, the 
spacecraft  equipment i s  s imilar ly  defined. 
support of the experiment and typically includes telemetry,  tracking, com- 
mand and power subsystems. 

First, the experiment equipment is shown with 

This equipment i s  used  in 

8. 2, 2 Ground Support Equipment. Ground support equipment (GSE) typically 
includes checkout equipment, operational equipment, handling equipment 
and other special equipment. T o  the greatest  extent practicable, fixtures 
will be used  both for toolinglassembly and tes t .  

8. 2. 3 Facili t ies.  
only two new facility i tems a r e  currently identifiable: 

While the four standard types of facilities a r e  listed, 

a. Antenna Assembly Building. To prevent tubular element tolerance 
buildup and f o r  accurate installation of the m e s h a  final assembly 
must be performed in a building with temperature  control of 6 5 O  to  70° 
with a variation of A high bay minimum of 60 ft is required with 
a c lear  a r ea  of 140 f t .  on each side. 

Zero-g Deployment Facil i ty - Deployment of the antenna will take place 
a t  the assembly site. 
springs attached to each spider point will be used to relieve the 1-g 
load during deployment simulation. 

20. 

.- 

b. 
A radial  trolley t rack  sys tem with constant load 

8 -3 



c. Standard Facil i t ies include vacuum chamber 13 ft diameter  and under - 
water simulation with depth of 15 ft minimum. 

8. 3 PREREQUISITE ORBITAL EXPERIMENTS. The following orbital  ex- 
periments a r e  recommended f o r  accomplishment pr ior  to the flight of the 
parabolic expandable t r u s s  antenna experiment. 
tailed objectives these exper irnents also confirm the feasibility of certain 
aspects of the antenna and enhance i t s  overall reliability. 

In addition t o  their  de- 

8. 3 .  1 Mesh Adjustment. 

a .  

b. 

C. 

d. 

Purpose - To demonstrate the astronaut's capability to adjust the 
antenna mesh. 

Equipment - Hexagonal element of t ru s s  with mesh, l a se r  measuring 
unit, low torque tool. 

Procedure  - An extension t o  the workshop model element i s  deployed 
and the astronaut through EVA adjusts the mesh. 
used to make measurements .  

Measurements - Paramete r s  that will be evaluated are:  

1. Metabolic ra te  during adjustment. 

2 .  Visual acuity. 

3 .  Adjustment time. 

4. 

5. 

6. 

The l a se r  unit i s  

Work s i te  feasibility and aids. 

Vacuum and temperature  effects on adjustment system. 

Limit of adjustable tolerance in space efivironment. 

8. 3 . 2  Lase r  Measurement Unit. 

a. 

b. 

Purpose - T o  determine the feasibility and effectiveness of the l a se r  
sys tem in measuring surface contours of antennas within close toler-  
ances under various orbital lighting conditions and operations. Relia- 
bility of this development unit cri t ical  to the antenna would be substan- 
tiated in this test .  

Equipment - The unit consists of a l a se r  transmission system with an 
optical/photomultiplier receiving sys tem and associated dc power 
supplies. Installation hardware consists of a mounting ring which is 
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rigidly attached to  the multiple docking adapter hatch. 
mits the l a s e r  measurement  ,unit to rotate and swing 1200- 

This ring pe r -  

c, Procedure  - The astronaut installs  the l a se r  measurement  unit in the 
docking hatch with i ts '  axis pointing a t  the vertex of the t e s t  antenna. 
matr ix  of solar  cells i s  installed a t  the vertex of the antenna and is used  
as a target for centering the l a se r  beam. 
and i t s  drive mechanism causes the l a s e r  beam to  scan the t e s t  antenna. 
The resulting r a s t e r  scans a r e  recorded. 
for three angular positions ( O o ,  60° and 120°) of the l a se r  unit. 

A 

The unit i s  then energized 

This procedure is repeated 

d. Measurements - 

1 .  Dc voltage proportional to range. 

2. Position angle. 

8. 3 .  3 Astronaut Locomotion Loads on T r u s s  Elements.  

a.  

b. 

C. 

Purpose - To determine actual loads on typical spacecraft s t ructures  
resulting f rom astronaut locomotion. 
realist ic s t ruc tura l  design loads. 
1, 000 lb variable load based on tether hook philosophy. This tes t  would 
ascertain real is t ic  hand hold and accidental impact loads. 
load evaluation of this type is currently being considered for  the S-IVB 
workshop. ) 

Results will be used to generate 
The current concept calls for  a 

(Work and 

Equipment - A st ructural  assembly i s  used in conjunction with the S-IVB 
Workshop. 
surface of the S-IVB. 
shapes and lengths of extruded, flat and cylindrical sections. 
handholds and tether attachment points are included to  facilitate no rma l  
astronaut activities . 

This assembly i s  erected and hard-mounted t o  the external 
It consists of an open framework of different 

Typical 

Procedure  - The astronaut assembles  the s t ructure  in sections within 
the workshop. 
external surface of the workshop and the assembly is completed a s  
par t  of EVA. 
tation is attached. 
and without the AMU) about the experimental  structure.  
tion of the experiment the data tape is transported to  the appropriate 
ground facility for reduction and evaluation. 

These sections a r e  then transported and attached to  the 

Signal and power cables a r e  attached and the instrumen- 
The astronaut then performs usual maneuvers (with 

Upon comple- 
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d. Measurements - The following measurements  a r e  made: 

1 e Deflections /s t ra in .  

2.  Shock. 

3. Triaxial  accelerations. 

4. Tempera tures .  

8. 3. 4 Clothesline Supply. 

a .  

b. 

C. 

d. 

Purpose  - To demonstrate the practicability of supplying a remotely 
positioned EVA astronaut with tools and mater ia ls  a s  required from the 
CSM o r  S-IVB Workshop through the 'use of a "loop" clothesline f r o m  
feed to backside of the antenna. This experiment has multiple appli- 
cation and is currently proposed in the workshop program. 

Equipment - Basic hardware consists of a loop of line under tension be- 
tween two pulleys and a t ravel ler  to which i tems a r e  attached for t r ans -  
port. - 

Procedure  - An EVA astronaut will move to a remote position with the 
clothesline assembly attached by tether to the CSM. 
i s  fastened to  the structure,  the second astronaut will draw in the other 
pulley by retracting the tether.  The loop of line will feed out from a 
spring-loaded take-up spool in the traveller.  
be .used for t ransferr ing mater ia ls .  

When one pulley 

The clothesline can then 

Measurements - Some of the parameters  that can be adjusted and 
evaluated are:  

1. Loop tension 

2. Damping in the take-up spool. 

3 .  Effect of ACS maneuvering on the clothesline while mater ia ls  a r e  
be ing t rans  fer  red. 

4. T ime to install,  reposition, re t rac t  and return the clothesline to  
storage. 

8. 3. 5 Equipment Replacement. 

a .  Purpose  - To demonstrate the astronaut's capability to  replace systems 
on the t ru s s  s t ructure  such a s  the attitude control package. 
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b. 

C. 

d. 

Equipment - Structural  test  model of the reflector with typical compo- 
nent installations ~ 

Procedure - The test model is transported to orbit  with an S-IVB Work- 
shop o r  CSM. 
the parent spacecraft. 

Measurements - Qualitative measurements a r e  made, as follows: 

1. Accessibility. 

2. Astronaut maneuverability. 

3. Hand tool effectiveness. 

4. Installation time. 

In orbit the model is secured to the external surface of 

8 . 4  RESEARCH PLAN. Design of the parabolic antenna experiment is 
based on current state-of-the-art  in development of materials and construc- 
tion details. Development of the large space s t ructures  required will be 
pr imari ly  concerned with testing and refining manufacturing and handling 
techniques for the la rge  s t ructures .  While not specifically required, re- 
search  in the following a reas  will contribute to performance, cost o r  sche-  
dule improvements. 

a. 

b. 

C. 

d. 

e. 

f .  

g*  

Instrumentation for measuring s t ructural  distortion in space. 

Instrumentation for close-tolerance measurement  of spacecraft  posi- 
tion and orientation in space. 

Dynamic analytical models of complex space structures.  

Control sys tem simulation for  large,  flexible space structures.  

Fabrication techniques for thin-wall seamless  beryll ium and titanium 
tubing and perforated tubing. 

Evaluations of astronaut EVA performance, capabilities , developments 
and predictions for  future capabilities. 

Evaluations of astronaut EVA equipment effectiveness, AM U, hand 
tools, suits, gloves, te thers ,  etc. 

8. 5 MANUFACTURING PLAN. 
within aerospace industry state-of-the-art. 

Fabrication of the expandable t ru s s  is well 
Prevention of tolerance build- 

up through close control of each element of fabrication is  the key factor. 
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Second, is to fabricate the antenna with a minimum 1 - g  effect on its orbital  
shape and to continue to hold these tolerances on a flexible, light-weight 
structure.  Elements of the fabrication cycle, shown in F igure  8-2  include: 

a .  

I 

b. 

C. 

d. 

e. 

Subassemble, in close tolerance j igs,  the end spiders  and vertical  tubu- 
lar s t ru ts  with self -aligning end fittings, 

Subassemble torsion spring-loaded joints. 
puterized dimension calculations 
hinge point to each end. 

Adjust lengths to the com- 
maintaining proper lengths f rom the 

Truss ends can be adjusted as required. 

Spider assemblies a r e  positioned on adjustable j ig plates and aligned. 
All mesh  adjustments a r e  accomplished at supported spiders. 

All t ru s s  elements a r e  installed in a s t r e s s - f r ee  f i t .  

Install  mesh  and adjust to contour. Total  mesh  weight is 80 lbs. There-  
fore  there  is neglible s a g  f rom 1-g .  

This entire operation is performed in a constant-temperature room at 
700 f 5 O  F. 

8. 5. 1 Fabrication Procedures.  Detail par ts  are fabricated in specialty 
shops vdnere personnel are used to high accuracy parts.  Special P r o g r a m  
Pilot Line type planning is used. Planning paper is prepared by Operations 
Planning to call  out the material, define fabrication procedures,  and es ta -  
blish inspection check points. 
recorded on the planning paper which become permanent records.  

All  verification of inspection operations is 

Maximum use of skilled machinists , employing standard tools and machine 
setups minimizes special tooling requirements and manufacturing costs. 
Optical techniques and the laser measurement ,unit are used  for linear 
alignment, parallelism, and perpendicularity of par ts  and assemblies to 
further reduce the need for special  tooling. 

8. 5. 2 Detail Fabrication. The antenna s t ructure  is fabricated from 6061 
aluminum alloy. The tubing is procured in long lengths, cut to s ize  and 
ends perforated by chem-milling, and ends prepared for installation. De- 
tail pa r t s  are sent to a controlled stocking area .  The spiders  a r e  made 
f rom a magnesium casting. 
machine shop a rea ,  then coated. Mesh support brackets a r e  made f rom 
2024 aluminum alloy, flange bushings and helical springs f rom a bronze 
alloy, and clevis pins, screws,  nuts and bolts f rom a titanium alloy. Bery-  
llium copper flexible (mast) type hinges are .used for all joints except the 
three  major  diagonals. 
fabricated f rom 6061 T-6  aluminum alloy. 

Castings a r e  procured and finished in the 

The feed support fittings and support s t ru ts  a r e  
The feed sys tem cone is fabr i -  
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cated f r o m  fiberglass with electr ical  windings spiraled through the inter ior  
of the cone. 
is  made up of eight panels, 2219 T-31 aluminum alloy, 1 in x 48 in x 60 in, 
and a forward and aft  bulkhead. 
bulkhead and in one side panel. 
bulkhead along with the feed support cone and a l a se r  measurement  system. 
The cylinder panels and the two bulkheads incorporate a waffle pattern on 
one side. The machining task is performed utilizing numerically controlled 
equipment. An Apollo docking drogue i s  attached to the aft bulkhead access  
door ring. 
laminations and ,uniform density. 

The pressurized electronic equipment cylinder (feed assembly) 

A 37 inch access  hatch is located in each 
Six 8 iapor tholes  a r e  located in the forward 

All incoming raw mater ia l  i s  inspected for porosity, cracks,  

The boost phase support s t ructure  i s  fabricated from 6061 T-6 aluminum 
alloy material .  
f rom standard extruded eye beams. 
for  the studs and explosive bolts which hold the packaged antenna in an up- 
right s e t  position. 

The pallet beams (2) and cross  sections a r e  fabricated 
Holes a r e  drilled at the detail level 

8. 5. 3 Subassembly. The inner s t ru t  subassembly, consisting of two tubes, 
two knee joint fittings, two flange bushings, one helical spring, three U -  
brackets,  two U -bracket support fittings, two clevis pins, five screws,  one 
adjustable spring detent, two end fittings, one bolt and nut, i s  subassembled 
in an a r e a  adjacent to the final assembly a rea .  
assembly consisting of one tube, two conical-threaded end fittings, two self-  
aligning end fittings threaded, two clevis bolts and four  adjustable nuts is 
assembled in the same area.  
inner s t ru t  except that the tubes a r e  longer and only two screws a r e  required. 
No  U-brackets a r e  required on the outer s t ru t  assembly. 
s t ructure  i s  assembled in a deployed condition and then retracted into a com- 
pact package. 

The diagonal s t rut  sub- 

The outer s t r u t  assembly i s  s imilar  to the 

The reflector 

The feed support tripod assembly is subassembled to  fo rm the three feed 
support t ru s s  sections. 
ed to  the assembly area.  

These t ru s ses  a r e  packed individually and forward- 

Automatic TIG (Tungsten Iner t  Gas) fusion butt-welding i s  used  to  join the 
eight panel segments into a cylindrical assembly. Welds joining panels t o  
fo rm paired s.ubassemb1ies a r e  made in the flat. 
made in the vertical  position. Weld tensile t e s t  coupons a r e  prepared for  
each joint using the weld schedules established and mater ia l  f r o m  the same  
lot number a s  the actual waffle panel segments. 

Final  mating welds a r e  

Dye penetrant inspection and radiography a r e  ,used on al l  welds to detect 
cracks,  incomplete fusiop and porosity. Weld quality i s  in accordance 
with standards of NASA specification 1514 for Class I welds. 
not meet  these standards will be repaired by grinding aut and rewelding. 

Welds that do 
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Four pairs  of panel segments are joined using an  automatic TIG welder 
mounted on a self-propelled car r iage  running on a n  adjustable t rack  section. 

Design of the holding tool permits  turning the par t  over to weld f rom ei ther  
side on the same setup. 
and solvent wiped to insure oxide and contaminate - f r ee  surfaces. 
end sections a r e  tackwelded inside and out to maintain alignment. 
section welds are made in two passes ,  one inner and one outer. 
panel s.ubassemb1ies are fitted and joined in the vertical  position. 
tooling rings supported by a simple pipe frame structure  are used to con- 
t rol  diameter and contour. 
throughout the fabrication cycle, 

P r i o r  to welding, all joints are hand fitted, scraped 
Heavy 

End 
Pa i r ed  

Internal 

Panels  a r e  indexed f rom the tooling holes used 

Panel  assemblies  a r e  progressively fitted, automatic fusion welded and 
fully inspected at the completion of each weld. 
immediately i f  required. 

Weld repa i rs  will be made 

Sciaky automatic TIG fusion welding equipment mounted on a precision weld 
manipulator is used  for all vertical  welding on the cylinder assembly, both 
inside and outside. After welding, the cylinder assemblies with the exter-  
nal  tooling rings and supports still in place, a r e  positioned on a King ver t i -  
cal  mill where the upper end is faced to length, chamfered and finish counter 
bored to specified diameter.  
finish-machined on the opposite end. 

The  cylinder is then turned end for end and 

The aft bulkhead is then placed in a fixture with the cylinder and welded. 
weld inspection is made at  this time. 
linder is turned end for end, the top bulkhead is placed in the fixture and 
welded. 
is sent to the final assembly area.  

A 
After completion of this weld the cy- 

Another inspection is made at  this time. If approved, the cylinder 

The solar  cell  panels and s t r ingers  a r e  iabricated f rom 2024 aluminum 
alloy. An eye shaped stringer is attached to one side of the panel. This 
subassembly then is forwarded to a vendor for installation of solar  cells. 
A dummy panel is used during the deployment testing of the antenna s t ruc-  
ture.  

8. 5 . 4  Final  Assembly. After the structure and feed support have been 
assembled with the feed assembly and boost phase support s t ructure ,  a 
vibration tes t  is performed along with the weight and balance measurement  
check. ' Immediately following this tes t  the antenna s t ructure  and feed sup- 
port  system i s  deployed. Dummy solar  cell  panels a r e  installed and a dy- 
namic mode shape vibration test made. 
dummy solar cells panels are removed, the feed support sys tem and antenna 
s t ructure  disassembled and the me s h  installed. 
lation of the mesh  on the reflector s t ructure ,  the l a se r  measurement unit 
is  installed in the feed assembly along with the electronics hardware. 
instrumentation and wiring is then installed in the feed assembly and the 

At the completion of this tes t  the 

Concurrent with the instal-  

The 
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antenna structure.  The attitude control assemblies,  C-band antennas and 
the solar  cell panels a r e  the final i tems to  be installed. 

After all i tems have been installed the reflector assembly i s  packaged, the 
feed support sys tem packaged and installed on the reflector assembly. 
assembly i s  packaged with the boost phase support s t ructure  for final t es t -  
ing. 
on a pallet and prepared for final shipment to  NASA. 

This 

After their  f inal  t es t s  the entire package antenna assembly is placed 

8. 5.4. 1 Reflector Material  Installation. The reflector mater ia l  t r icot  
weave (Cliromel-R mesh)  is procured in rol ls  84 in  wide by 180 ft long. This 
mater ia l  i s  hand-shear cut into specific lengths and sewed into one large 
gore section. Edges a r e  lapped to prevent fraying. 
to handle mesh  to prevent dir t  buildup and contaminants. It takes s ix  of 
these gore sections to cover the 100 f t  antenna reflector structure.  One 
inch tape i s  fitted to the antenna s t ructure ,  removed and then installed with 
the mesh.  
mesh tension wires .  
each wire. 
ture.  
ing wire.  

Nylon gloves a r e  used  

The attach cables a r e  installed on the s t ructure  along with the 
Adjustable tension springs a r e  installed a t  the end of 

The mesh  subassembly is then installed on the reflector s t ruc-  
Mesh i s  rough contoured by adjusting tension springs on each attach- 

Final tolerance i s  achieved by screw-jack adjustment. 
unit i s  used to  determine contour. 
point up the out of tolerance a reas .  
achieve an RMS finish of 0.125 in. 
also be determined f rom the mesh  contour and. the feed adjusted to  this 
point t o  bias the tolerance. 
jacks a t  
range of movement in orbit. 

The l a se r  measuring 
A print-out of the reflector contour will 

Several  iterations will be required to  
Optimum focal point f o r  the feed will 

Once the mesh i s  within tolerance the screw 
the spiders will be adjusted to a neutral  position to  permit  a full 

8. 5. 5 Material  Handlinp and Packaging. 
i s  controlled by National Aerospace Standards (NAS). 

Material  handling and packaging 
These  standards e s -  

tablish the methods, mater ia ls ,  and devices to be used throughout the pro-  
curement,  receiving, manufacturing and shipping phases of the program. 
Supplier packaging standards , (NAS) applied to all procurement initiating 
documentation ensure that mater ia l  i s  packaged for  damage-free delivery 
to the plant, and the mater ia l  i s  packaged s o  that maximum use  of supplier 
packaging i s  made during receiving, receiving inspection, and storage 
functions. 

In-plant handling and packaging standards a r e  used a s  mater ia l  flows f r o m  
receiving, through receiving inspection, s tores  and manufacturing cycles. 
Manufactured detail par ts  a r e  s imilar ly  protected during fabrication and 
temporary  storage. 
movement and shipment of the antenna in its packaged configuration. 

A handling and shipping device is .used for in-plant 
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Preparation for  delivery instructions provide for protection against damage 
and degradation during shipment to destination. For delivery of antenna to 
the destination, the handling/shipping device is secured on the pallet which 
in turn is attached to  a skidded base  suitable for handling by crane o r  fork- 
lift truck. The antenna i s  shrouded with a b a r r i e r  mater ia l  to exclude d i r t  
o r  other foreign contaminants and to maintain a low humidity. Container 
s ides ,  ends and top a r e  provided to  protect against damage. 
support s t ruts ,  explosive hardware,  battery and miscellaneous hardware 
a r e  packaged and shipped in separate  containers. 
in accordance with MIL-STD-129, including hazardous warnings and shipp- 
ing piece numbers,  to ensure proper  handling and ready 
destination. 

The feed 

Containers a r e  marked  

identification a t  

8 . 5 . 6  Make o r  Buy. Make-or-buy policy and directives resul t  f r o m  r e -  
view of customer policies, government regulations, the technical and func- 
tional requirements of systems and subsystems, and the evaluation of capa- 
bilities available in industr y. Coordination i s  continually maintained with 
the Smal l  Business Liaison Officer so that smal l  businesses may be given 
an equitable opportunity to  participate in the program. Fur ther ,  Make o r  
Buy Administration participates with the Material  Department in reviewing 
products and capabilities presented by outside vendors to ensure recogni- 
tion and knowledge of alternative industry sources.  

' The make-or-buy s t ructure  makes fu l l  use  of products of reputable manu- 
facturers  regularly engaged in commercial  production of equipment and 
components required fo r  this program. 

8. 5. 7 Facil i t ies.  Detail par ts  fabrication involves only standard machine 
shop and sheet metal  equipment well within the capabilities of most  contrac- 
to rs .  Major equipment would include numerically controlled profile mills 
to machine waffle patterns in the pressurized electronic compartment bulk- 
heads and skins and a chemical milling sys tem to cut  triangular holes in 
the aluminum t rus s  members .  
and an oven fo r  heat treating into the double "U" shape. 

The BeCu flexible t r u s s  joint requires dies 

Assembly of a 100 f t  parabolic reflector within acceptable tolerances r e -  
quires a temperature-s tabi l ized environment (+ 20F).  
built -in distortion resulting from expansion/ contraction under varying 
temperatures.  
l i ty should include provisions for: 

This minimizes 

Other features governing design of the assembly/ tes t  faci- 

a. Positioning and removal of deployment/packaging tes t  fixture. 

b. Installation and removal of electronics Compartment and feed system. 

c. Zero-g simulation supports during and after deployment. 
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d. Vibration tes ts .  

e. Lase r  measurement  of ref lector  surface. 

f .  Positioning for RF pattern t e s t s  ( i f  conducted). 

g. Access  and loadihg for shipment. 

8. 5. 7. 1 Conventional Building. This approach has two possibilities: U s e  
of an existing building o r  construction of a new building. 
quired is 120 f t  x 140 f t  with 60-80 f t  t r u s s  height depending on the tooling 
configuration. 
assembly and tes t  would be accomplished in other a reas .  
limited number of existing buildings have the necessary truss height. 
An example i s  building No. 7 at Air  F o r c e  Plant 4 in F o r t  Worth, Texas 
(306 f t  x 312 f t  x 61. 3 f t  t r u s s  height, 60 f t  high by 300 f t  wide door). 

Minimum s ize  re- 

Detail par ts  fabrication and a l l  other operations except 
Only a very 

!- DEPKW&@BT FIXTURE 
(RETRACTED) 

Figure 8-3. Assembly and Tes t  Facility - Conventional Building 

Figure 8-3 shows one concept for assembly in a conventional building. 
By utilizing a tooling cradle that can be moved on t racks o r  wheels, the 
completed antenna is rolled outside the building and rotated to a vertical  
attitude for RF testing. A second se t  of t racks is used  to  position o r  re- 
t rac t  the deployment tes t  fixture used  to deploy o r  package the antenna. 
If adjacent building space i s  not available, the deployment fixture t racks 
could extend outside the building. The fixture could then be removed by 
mobile crane so a s  not to  interfere  with RF testing. The lightweight an- 
tenna can only be deployed with the aid of the overhead l - g  relief system. 
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Therefore,  it must  be moved in the deployed position, 

8. 5. 7 .2  Special Facility. Several  concepts involving special facility con- 
struction were  explored. 
8-4 and 8-5. This approach utilizes a pit (par t  excavated, par t  f i l l  around 
perimeter] with roll-away roof sections. 
advantage s : 

The most  promising is i l lustrated in  Figures  

The pit approach has two major  

a. Maximum temperature  stability during assembly (air drafts a r e  elimi- 
nated since all assembly i s  below ground level). 

b. In-place RJ? testing i s  possible by rolling back enc1os.ure sections and 
rotating the antenna and supporting tooling cradle abozlt the pivot points. 

ENCMSURE SECTIONS y- 
(RETRACTABLE) 

ASSEMBLY FIXTURE/ 
SUPPORT CRADLE 

DEPMYMENT FIXTURE 
(RETRACTED) 

Figure 8-4. Assembly Facil i ty - Pit Concept 

Tempera ture  stability during assembly i s  considered vital to  maintain r e -  
flector tolerances. 
discharge through gril ls  in the pit floor. 
cated a t  ground level and connected to  the discharge gr i l ls  by a sys tem of 
plenums. Also, due to the natural  insulative qualities of the ground, air 
conditioning operating costs a r e  estimated at 40 to  50% l e s s  for  pit a s s e m -  
bly than for  above ground assembly. 

Excellent stability a t  any level i s  achieved with a i r  
Ai r  conditioning equipment i s  lo- 
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ENCXDSURE SECTIONS r ( m c T E D )  

Figure 8-5. RF Tes t  Facil i ty --Pit Concept 

The deployment fixture i s  positioned o r  re t racted by rolling into place on a 
se t  of sai ls  at ground level. After completion of a l l  assembly, vibration 
and packaging tes t s ,  the enclosure sections are rolled back for  RF tests.  
With the tooling cradle hinged on one edge of the pit, the antenna and suppor- 
ting cradle a r e  ra i sed  by mobile crane. A telescopic support s t ru t  sys tem 
attached at  the center of the support cradle 's  bottom surface provides -1. 5O 
elevation adjustment of the ent i re  antenna azimuth rotation ( t 3 O o )  is pro-  
vided by a set  of bogie wheels riding on a circumferential track. 
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8. 6 TEST PLAN. 
w i l l  successfully: 

Test  plan objectives a r e  to demonstrate that the antenna 

a. Withstand ground handling, checkout, launch, and orbital  
environmental conditions. 

b. Deploy in orbit, to design contour within prescr ibed tolerances. 

c. Respond to the EVA astronaut 's  adjustment, repair  and 
ins pe c tion procedure s . 
Meet specified R F  communication requirement for  two to five 
years  in synchronous orbit. 

d. 

The tes t  program (Figure 8-6) covers a l l  phases of effort f rom procurement,  
design, and development of components through subsystem, sys tems, and 
flight tests.  
which includes the feed supports, pressurized module, and boost phase 
support assemblies . 

The pr imary  tes t  specimen i s  the full-scale prototype antenna 
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Figure 8-6. Test  Plan Summary. 
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Detailed tes t  procedures covering each full-scale antenna tes t  a r e  provided 
before initiation of the tes t  program.. 
each t e s t  setup, block diagrams of required instrumentation, sample data 
sheets, and a step-by-step sequence of test events. The reduced tes t  data, 
in graphical f o r m  where applicable, and tes t  resul ts  a r e  integrated into the 
procedure volume as  a deliverable end i tem report .  

These procedures include sketches of 

Deployment tes ts  and distortion measurements  a r e  accomplished in the air- 
conditioned assembly facility. 

8. 6. 1 Development Tests. 
design freeze and drawing release.  
design concepts, and factory processes.  

These component tes t s  evaluate the design before 
The evaluation covers mater ia l  selection, 

8. 6. 1. 1 
jected to s t ructural  design and ultimate l imit  and environmental tests.  The 
s t ruc tura l  tes ts  verify the basic design of components, such a s  column load 
on t rus s  s t ruts ,  feed boom, and support struts.  These tes t s  also verify the 
impact and torsional loads on the spider assemblies,  joint deflections loads, 
lock breakaway loads, bearing brinelling loads, and mesh and eyelet tear-out 
strengths. 
simulated space environment. 
a r e  functionally operated (cycled) after exposure to high vacuum for periods 
equal to the scheduled program. These tes t s  search  for potential problems 
with temperature,  fatigue, creep, thermal  shock, and vibration. Elements 
such a s  the mesh w i l l  be tested for R F  reflectance before and after environ- 
mental  tests. F r o m  these tes ts ,  prototype components a r e  developed and 
testing activity then centers on s t ructural  assemblies. 

Basic Structure. The basic components of the s t ructure  a r e  sub- 

The environment tes t s  expose the selected components to a 
The moving par t s  of joints and lock mechanisms 

8. 6. 1. 2 Electronic Components. 
command system (TTC), attitude control, and electr ical  systems follow a 
logical flow f rom inception to breadboard, prototype, and flight hardware.  
Testing i s  performed at  each level. 
a r e  conducted under various environmental conditions, including specified 
limits of acceleration, vibration, temperature  and qualifying unit for flight. 

Components of the telemetry,  tracking and 

These tes t s  a r e  functional tes t s  and 

8.6. 1. 3 Mechanical Components. Components of the laser ,  separation, 
escape hatches and cone rotation systems follow the same development 
sequence a s  for the electronic components. 
ment a r e  conducted to qualify these units for flight. 

Tests simulating space environ- 

8. 6. 2 Subsystem Tests. 
a r e  performed on prototype tes t  art icles.  
a r e  subjected to m o r e  stringent and additional environmental extremes, such 

Initial subsystem tes t s ,  outlined in Figure 8-7, 
These prototype sub-assemblies 
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as proof loads, thermal  and handling extremes. 
of the subsystem for use in the final Parabolic Antenna Experiment. 

They establish the adequacy 

8.6.2. 1 Parabolic Reflector Structural  Sample Test, The sample consists 
of a hexagonal section of the reflecting surface and its supporting structure.  

a. The sample. is assembled in steps starting with a single spring- 
jointed retractable strut. 
demonstrated at  each phase of assembly. 
sample with the R F  reflective surface adjusted to the proper 
curvature, is then folded to its position in the packaged mode. 
The corners  of the s t ructure  (spiders)  a r e  supported by wires  on 
a radial  trolley to provide mass  support with minimum la te ra l  
res t ra in ts  (Figure 8-8). 
the packaged s t ructure  is deployed. 
made to study the mechanism action. 
the contour of the surface i s  measured and compared with the 
fabricated contour. 

The proper  action during deployment is 
The complete s t ructural  

In this simulated zero-g environment, 
High-speed movies a r e  

Without further adjustment, 

Figure 8-8, Typical Zero-g Suspension. 

b. The hexagonal sample, in the deployed mode, is then suspended 
in an environmental chamber (high vacuum, coldwall, and solar 
radiation), The thermal  characterist ics of the s t ructural  sample 
a r e  demonstrated by measuring the amount of distortion in the 
R F  reflective surface after temperature  stabilization takes place 
at predicted design limits. 
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c. A vibration tes t  is performed with the hexagonal sample mounted 
in a suitable fixlure, The 
resul ts  looked for a r e  the types of resonant modes experienced 
and the responses  to be expected during vibration of the full scale  
engineering model. 

This tes t  is investigatory in nature. 

d. The s t ruc tura l  sample is mounted in a suitable fixture and subject- 
ed to a s ta t ic  loading t e s t  program. Both single and combined 
loading a r e  used in determining the strength, deflection, permanent 
set, surface distortion, and flexure rigidity. These tes ts  a r e  
performed at operating conditions. 

8 . 6 . 2 . 2  Feed Support Structure. The feed support s t ructure  is assembled 
in steps (Figure 8-9). The proper action during deployment is demonstrated 
a t  each phas 

Figure 8-9. View of Feed Support Structure. 

STRUCTURE 

The support s t ructure  is then subjected to various loads s imilar  to those 
encountered in space. 
the support s t ructure  s imilar  to  those described for the Reflector Structural  
Sample Test. 

Environment and vibration tes ts  a r e  performed on 

8 . 6 . 2 . 3  Solar Panel  Sample Test. The sample consists of a representative 
section of the solar  pane l  and its fording hinges. The packaged system is sus-  
pended in an environment chamber (high vacuum, coldwall, and solar 
radiation), and the hinges a r e  subjected to deployment, torsional, and fold- 
ing loads to demonstrate operability. The power level of each panel will  be 
checked in a solar simulator. 
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8,6,2,4 Boost Phase Support Test, s t ruc tura l  corn 
conducted on a production boost phase support. 
s t ruc tura l  integrity of the support a t  room temperature  when subjected to the 
flight launch loads. 
simulated on the structure,  

This tes t  substantiates t 

By using hydraulic cylinders, flight launch loads a r e  

8.6.2. 5 Reflectivity Measurement (RF) Test. The R F  t e s t  for determining 
the reflectivity of antenna surface mater ia l  involves a comparison of relative 
power levels reflected from mater ia l  of known reflectivity (copper) and that 
f rom the tes t  sample initial cursory  tes ts  wil l  be performed. using a wave 
guide. 
(Precautions a r e  taken to eliminate reflections from objects external to the 
tes t  setup. ) 

The tes t  setup and procedural  outline is indicated in Figure 8-1Q. 

SIGNAL n 

GENERATOR 
I 1  

DECTORATOR 

SA 

/ R F  
GENERATOR 

a. 

b. 

6. 

d. 

e. 

DECTORATOR 

-I- I I 

Figure 8-10. R F  Test  Configuration. 

Record relative power, P1, f rom copper panel. 

Record relative power, P reflected from tes t  specimen. 

Determine tes t  specimen reflectivity R from 
2' 

t 

where R 

Repeat tes t  for other polarizations to establish polarizing 
proper t ies  of specimen. 

Repeat test a, b, and c af ter  space environment simulation 
exposure. 

is known ref1e:tivity of copper at 8 GHz. 
C 
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This tes t  wi l l  evaluate the total reflection of the mesh. 
wave guide tes t  determines the blockage but not the losses  in the mesh. 

The economical 

8.6.2.6 Pressur ized  Feed Compartment Test. The feed compartment con- 
tains a number of subsystems such as the escape hatches, EVA exit hatch, 
feed cone rotation, feed cone centering mechanism (3 dimensional), LEM 
docking system and the feed compartment pressurization system. These 
subsystems wil l  be functionally tes ted in a simulated space environment 
which includes loads, temperatures ,  vibration, and pressurization conditions. 
Operation of the subsystems is demonstrated as well as  the ability of the 
components to operate as a system. 

8.6.2.7 EVA Element Test. 
flecting surface and its supporting structure is used for an EVA astronaut 
to inspect, adjust and repair  (Figure 8-11). 
neutral buoyancy testing pool. 
astronaut to perform manual tasks  under simulated space weightlessness. 
Procedures  wil l  then be formulated for repairing s t ructural  members ,  adjust- 
ing mesh, and inspection tasks. In conjunction with these tes t s ,  EVA 
astronaut handtool requirements  w i l l  be established for s t ructural  and mesh 
repair  tasks. 

A representative section of the parabolic r e -  

The tes t  is conducted in a 
The test  substantiates the ability of the EVA 

Figure 8- 11. EVA Adjustment of Truss  Structure in Underwater Simulation. 
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8.6 ,2 .8  Laser  Surface Measurement Test. A prototype feed compartment 
and a section of the parabolic reflector is used to make a laser  contour 
measurement test. 
the cone has  been rotated out of the laser  line of sight. 
mechanism allows for 120 
of a total  of 120 

The laser  unit is  positioned on the feed cone hatch af ter  

of rotation relative to the cone hatch and a swing 
The scanning 

0 

0 to inscribe a cone area. 

The following steps g re  used to achieve complete measurement of the reflec- 
tor surface. 

a. Position the laser  measurement unit to point its axis at the 
reflector surface vertex. 

At the ver tex of the reflector,  a solar cell mat r ix  is scanned by 
the l a se r ,  f rom the feed, and the mechanism repositioned until 
the beam is centered a s  shown in Figure 8-12. 
mat r ix  a t  the ver tex of the' reflector i s  not essential  but i ts  relative 
location must be accurately known (tO.010 in. ). 

b. 

Placement of the 

SOLAR CELL LASER BEAM 
MATRIX CENTERED ON 

f 2.4 .& 
-I- SENSITIVE 

GALVONQMETER 

Figure 8-12. Typical Solar Matrix. 

After the unit is calibrated relative to the solar cells, measure-  
ment sweeps begin from the edge of the surface ac ross  its face, 
and back across  after movement of the ring 60 . 
shows this operation. 
achieved in 20 to 30 sec. 

c. 

0 
Figure 8-13 

With a high speed m i r r o r ,  scanning can be 
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MODE: 
Y f. RING POSITION - 0" 

1ST SWEEP 2. RASTER SCAM OF 
SURFACE (TV TUBE f FASHIONf 

3RD SWEEP % 
MODE : u 60' 

Figure 8-13. Reflector Surface Showing Laser  Beam Sweeps, 

8.6.3 Systems Test. Full  scale  system testing on the prototype and actual 
flight antenna follows a similar pattern, but with emphasis shifting f rom 
demonstration of operability to acceptance type testing. For the acceptance 
tes ts ,  procedures  a r e  approved by NASA and tests documented for approval 
pr ior  to flight. 

The major  systems tes t s  such as deployment and distortion measurements  
a r e  accomplished in the air-conditioned building used for manufacturing 
assembly. Careful scheduling with manufacturing is required to integrate 
the tes t s  with the fabrication cycle. 
to support both fabrication and test. 

A special  crew wi l l  be used 

System testing begins with the reflector,  feed support, feed compartment 
and boost phase support assemblies  being assembled simultaneously ( see  
Figure 8-14). 
and feed support, each assembly is manually folded for  a package test. The 
two assemblies  are then packaged into one unit. At this same time, dummy 
weights a r e  installed in the pressurized feed compartment to simulate sys tem 
mass. The boost phase support and the compartment a r e  fitted, assembled 
and weight and measurement  tes t s  performed. Following this, the compart-  
ment and support a r e  vibration tes ted to boost levels and frequencies. The 
ref lector  and feed support package assembly are then mated and assemb€ed 
to the pressur ized  comparment and support assembly. 
check is then performed. The fulI scale antenna in this packaged configur- 
ation is then activated into the operational deployment mode. 
demonstrates  the ent i re  process  of the antenna changing configurations f rom 
packaged mode to deployed mode. 
suspended with its axis ver t ical  and with ver t ical  supports to simulate zero-g. 
The antenna is not supported horizontally. 

At the completion of the assembly operations for  the reflector 

A weight and balance 

This t e s t  

For  this tes t ,  the packaged antenna i s  
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The package restraints a re  relaxed and as the antenna deploys and locks in- 
to the deployed configuration, motion picture cameras record each event. 
Each element is visually checked before distortion measurements a re  made, 
This procedure i s  repeated on the prototype antenna each time the packaging 
test is performed. 

A vibration modal survey test follows the deployment test. 
is performed only on the full scale prototype antenna. 
theoretical predictions and verify relative response to control moments. The 
deployed antenna is again suspended to simulate zero-g (see Figure 8-15). 
This system is also required for packaging of the antenna and is performed 
directly over the test j igs.  

The modal survey 
The results confirm 

II ,FIXED OVERHEAD SUSPENSION PLATFORM 11 

ONSTANT FORCE 
EGATOR SPRINGS 
UPPORTING DIS- 
RIBUTED MASS 

Figure 8-15. Suspension System. 

Following the vibration modal survey test, the antenna module, reflector 
and support assemblies a re  disassembled and inspected. Instrumentation, 
wiring, and electronics equipment a re  then installed on the feed struts and 
module assemblies. At this same time, the antenna reflector mesh is in- 
stalled on the reflector assembly and a laser measurement and print-out of 
the contour performed. After the contour measurement has been completed, 
the feed support and reflector assemblies a re  again assembled and packaged. 
In the next phase of testing, the reflector and feed strut assemblies a re  de- 
ployed and packaged separately. The solar cell and attitude control system 
are  then installed. 
system installation, the reflector, feed support, pressurized compartment 
and boost phase support assemblies a re  assembled in a packaged configuration. 
While in the packaged configuration, the assembly is subjected to a boost 
simulation vibration test. 
phase supports a re  removed from the packaged assembly and the feed truss 
and reflector assemblies deployed. With the antenna deployed, tolerance 
checks a re  made at simulated zero-g. 
and packaged for shipment to the NASA facility. 

Alternatively, R F  testing can be completed prior to shipment by using the 
manufacturing building. 
the assembly area (see Figure 8-16) allow for range tests. 

At the completion of the solar cell and attitude control 

Upon completion of the vibration test, the boost 

After checkout, the antenna is retracted 

Capabilities for tilting the antenna upward from 
Short range 

8-27 



t e s t s  using fixed ta rge ts  and long range (30 mi. o r  more )  t e s t s  using 
mountain peaks with R F  ta rge ts  can be accomplished. The impact of 
full sca le  R F  testing wi l l  affect the basic  tooling concept. Changing it 
f r o m  the pedestal  type to a movable t r u s s  f r a m e  prevents deflection of the 
lightweight antenna when r a i sed  to the ve r t i ca l  position for R F  testing. 
Unsupported pointing of the antenna would cause excessive distortion. 

BOOM AND FEED SUPPORT STRUCTURE 

MANUFACTURING AND ASSEMBLY BUILDING 7 

ELEVATION AXE f30° 

Figure  8-16. R F  Pat te rn  Tes t  Configuration. 

8 . 6 . 3 .  1 R F  Testing (Optional). 

a. Pa t t e rn  Measurements - A range (F igure  8-17) is requi red  to 
pe r fo rm these tes ts .  At one end of the range, a ta rge t  t r a n s -  
mi t te r  si te is  established capable of transmitt ing 100 MWz, 
1 GHz and45 GHz frequencies. 
is a l so  located here .  
t e r r a i n  when viewed f rom the opposite end of the range. 
is placed at the receiving end of the range which has  a capability 
of supporting the deployed antenna s t ruc ture  in its zero-g shape 
and rotating the antenna a minimum of - t 20 in azimuth and - t 12 
in  elevation with r e spec t  to the line of sight between the t ransmi t te r  
s i te  and the antenna. The tes t  f ixture  angular position capability 
provides for positioning increments  of 0.01 and recording these 
positions at g rea t e r  precis ion than 0. 01 . The f ixture  is adjust-  
able so that del iberate  distortions can be imposed on the reflecting 
sur face  to simulate mechanical and thermal  distortions observed 
as result ing f rom deployment, vibration, and the rma l  tes ts .  

An optical t a rge t  for boresighting 
0 This s i te  is at least  2 above the intervening 

A fixture 

0 0 

0 

0 
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SOURCE ANTENNA 
AND POSITIONNG 
TRANSMITTERS, 
BORESIGHTING 
EQUIrnENT 
POWER SUPPLY 

~ 

2 D2 

DEPLOYED ANTE .YgT 
m\ 

MINIMUM SECTOR COVERAGE: 
AZIMUTH k30 DEG. 
ELEVATION 442 DEG. 
RESOLUTION 0.01 DEG. 
RECEIVERS, RECORDERS 
BORESIGHTING EQUIPMENT 

Figure  8-17. Typical Pa t t e rn  Range. 

b. Absolute Gain Measurements - The same  range is used to per form 
absolute gain measurements  by comparing the gain of a s tandard 
antenna with the gain of the parabolic antenna. 
parabolic antenna i s  superimposed over  a pat tern of the s tandard 
gain horn so a d i rec t  comparison is presented. 

A pat tern of the 

Procedure (Single Measurement) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Connect the t r ansmi t t e r  to the ver t ical ly  polarized source  antenna. 

Connect the feed output (ver t ical  polarization) to rece iver  (mixer )  
and r eco rde r .  

Point the antenna toward the l inear  source  and tune the rece iver  
for maximum signal. 

Boresight the antenna (focused feed). 

Record an  azimuth pat tern of the main beam for  elevation of (4). 

Change the mixer  and cable connections from the antenna feed 
output to the s tandard gain horn. 

Without changing any of the gain controls ,  superimpose an azimuth 
pat tern of the s tandard gain horn over  the pat tern obtained in (5). 

Calculate gain as follows: 

Gain = G t G 
H 
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where: 

= Absolute gain of standard gain horn  minus the measu red  loss  
between mixer  and standard gain horn and the VSWR loss  of 
the horn measu red  a t  the input to the horn. 

GH 

G = Difference in  peak values between the feed pat tern of (5) 
and horn  pattern of (7). 

8. 6. 4 - Test  Facil i t ies.  
represent  only the major  i tems that would be used in  d i rec t  support of the 
program.  
bench type tes t  equipment which the typical aerospace  contractor would 
normally have available. 

The facil i t ies descr ibed in the following paragraphs  

Omitted a r e  secondary support facil i t ies such a s  laboratory and 

Facil i ty requi rements  a r e  predicated on a production of a total  of th ree  
antennas of the 100 ft. d iameter  parabolic configuration. Manufacturing 
f ixtures  and equipment w i l l  s e rve  a dual purpose in this program in that they 
wil l ,  in many cases ,  be used a l so  during the testing phases  of the fabrication 
and development program. 

8. 6. 4. 1 
environmental  chambers ,  vibration equipment and a vacuum chamber with a 
cryogenic shroud and solar  radiation simulation capability. 

Component Test  Facil i t ies.  Testing at the component level requi res  

8. 6. 4.2 Subsystem Tes t  Facil i t ies.  Subsystem tes t  p rograms wi l l  utilize 
a l l  of the equipment previously identified for  component testing and such 
additional equipment as s t ruc tura l  loading facil i t ies and a vacuum chamber 
which i s  a minimum of 13 f t .  in  diameter.  The la t ter  mus t  accommodate a 
representative segment of the antenna s t ruc ture  that w i l l  be activated f r o m  
a packaged configuration to deployment. 
while the chamber is providing a simulated deep space environment, complete 
with cryogenic shroud and so lar  radiation and the antenna is deployed by 
means  of a zero-g fixture. In addition, the selected contractor should have 
at his  facility, o r  have access  to, a pool which is a minimum of 30 x 30 x 15 ft. 
This pool wil l  be used by potential astronauts in  conducting EVA studies on 
the parabolic antenna s t ruc ture  while experiencing a zero-g or  neut ra l  
buoyancy condition. These activit ies wil l  include assembly and r epa i r  of 
antenna s t ruc tura l  members ,  securing and repairing the sc reen  mesh,  and 
routine adjustments and inspections. 

This operation will  be conducted 
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8.6.4. 3 System Test  Facility. During the sys tem checkout and evaluation 
program, whenever pract ical ,  manufacturing f ixtures  wi l l  s e r v e  a double 
purpose in that they wi l l  a l so  act  as a test  fixture. A typical facility of this 
type is the rad ia l  t rol ley spring suspension sys tem that s e r v e s  as an aid in  
packaging the antenna, then provides a zero-g simulation during deployment, 
and a f r e e  support during vibration modal tests.  The design of the la rge  fix- 
ture  that wi l l  enable fabrication of the 100 ft. antenna is of par t icular  interest .  
This fixture, properly engineered, w i l l  facilitate fabrication, vibration 
testing, deployment and, with a tilting provision, enable the final R F  tes t  
program to be conducted without even moving the antenna s t ruc ture .  
p rograms wil l  all be conducted within the confines of the environmentally 
controlled fabrication enclosure to a s s u r e  maintaining des i red  tolerance re- 
quirements. 
sys tem level  testing programs.  

i 

These 

Component level tes t  facilities wil l  a l so  suit the needs of fu l l  
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8 . 7  SUPPORT PLAN. 
activities performed on the Parabolic Expandable Truss Antenna Experiment subsequent 
to acceptance of the flight unit. The sequence is summarized in Figure 8-1 & 8-14 (Ref). 
It also defines the necessary support for these activities, Typically included are: 

a. Personnel training, 

The support plan summarizes the general requirements for all 

2 .  R F  T ~ S V  

a.  Paltrrn MrARurement 
h Gain hrl<.aaurrrnent 
c. Al ipnnirn l  
d. C , a l ~ l > r i l ~ c m  
e. Data A n a l y s r s  
I Non-v Mrac* i rement  
B. i r A 1 l ~  l l ~ l q L ~ o ~ l  r e a t  

I I 3. E V A  Strri ,  liar 1 1  1 a s k 5  

a .  

b. Ady,%ln,er,I of r d l e c t o r  mesh 
c .  E l p r l r i r a l  carnnrctxona 
d. 
e In sp rc t im  
f .  Mainlenancr 
g. Tool Handling 

Del.-. t m r  arirl repair of malfunction 
I" rlrplr,yn,mt 

I n s t d l a t i o n  and change of components 

b. Re -launch activities e 

c. Range documentation. 

d. Launch site operations. 

e. Orbital operations. (Figure 8-18) 

8.7 .  1 Personnel Training. Special train- 
ing is required to develop the necessary 

tion to the detailed training program for the 
120 Hours 

skills in mission-oriented tasks. In addi- 

the astronauts, some training is required 
for both the launch crew (in countdown pro- 
cedures and spacecraft checkout) and the 
orbital support crew (communications and 

Usage 

Analysis b Repair 
Techniques I 20 HOWB 

RO Hours data handling). Safety Procedure8 

The elements of the astronaut training 
program are shown in Figure 8-19. It 
is assumed that at least two 3-man crews, 
all electrical engineers who have received 
astronaut training, will be given the 
special training simultaneously. 

Total t ime reqrured: 
800 Hours  

At least  3 to  6 astronaut8 
a r e  trained at  the Barn@ 
tlrn.3. 

Figure 8-19. Training Program Plan 
(16 Weeks). 
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The first phase would be an intensive refresher course in antenna theory. Overlapping 
this is the indoctrination in use of equipment and hardware associated with the antenna 

he study of malfunction detection, analysis, and repair techniques may be 
most effective if protracted over a period of four months, spanning the time in which 
the various phases of the mission are simulated. The safety procedures portion of 
the program will concentrate on the EVA aspects, analyzing the conceivable hazards 
associated with the inspection, adjustment, and repair tasks for each of the three 
antennas, how these might be avoided, and the corrective actions to be taken. Certain 
emergency conditions will then be simulated in an underwater facility (or, if more 
appropriate on a six-degree of freedom simulator). 

Familiarization is divided into four major sections: RF tests, EV tasks, inspection 
and checking, and mission operation. It may be desirable to rotate the astronaut- 
tminees in groups of three (the selected crews for a given mission) through the simu- 
lation course for most efficient use of the simulators. Representative tasks are indicated 
in the accompanying chart for each facility. 

The RF training facility requires RF consoles with associated controls, displays, and 
recorders. These must be integrated with the orbital flight simulator (in the latter 
part of the training program when simulated missions are run). A sketch of an antenna 
pattern simulator is shown in Figure 8-20: 

Figure 8-20. Antenna Pattern Simulation RF Console. 
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A t  the present time, underwater wei 
available method for training in EVA tasks involving re atively large structures. 
Although the effects of hydrodynamic drag cannot be eliminated, they may be mini- 
mized by slow movements. A practical limit on the size of an underwater test 
facility that provides maximum safety to the test subjects, overhead cranes, under- 
water viewing, accessibility and other desired features will also limit the size of the 
test structure that can be immersed. A 30 ft.  depth would appear to be a reasonable 
compromise to permit the handling of full-scale mockups of antenna sections. Thirty 
feet is also the break point in diving where the test subject can come up without a de- 
compression pause. A sketch of a representative underwater test is shown in Figure 
8-11 (reference). 

ess simulation appears to be the best 

Inspection and mechanical-electrical checking, as well as  mission familiarization, 
requires an orbital flight simulator with instrumentation for tolerance checks. If 
inspection of antenna package, deployment and surface may prove to be most effectively 
accomplished by an unmanned maneuvering unit, a simulated, or model RMU will be 
required with man in the control loop. 

The final phase of the training program requires thorough familiarization with the 
various steps of the mission in sequence, with the exception of EVA. 
ing facilities include an orbital mission simulator and the RF console. 

Required train- 

8.7.2 Pre-Launch Activities. 

8. 7.2.1 Handling and Shipping Operations. The antenna is shipped completely 
assembled, with experiment equipment installed, but, in the stowed condition, from 
the assembly facility to the NASA Center by government air  freight. Subsequent to 
NASA operations the spacecraft is again air-lifted to the launch site (KSC/AFETR). 
It is expected that much of the LEM support equipment can be used. 

The spacecraft is transported at all times in a specially designed shipping container. 
Solar cell arrays , batteries and operational test equipment are shipped separately 
and handled as delicate instruments. Installation hardware is kitted in suitable con- 
tainers and secured in the appropriate shipping containers. 

8.7.2.2 NASA Operations. The antenna and ground support equipment is shipped to 
NASA for MSFN network compatibility tests and Saturn V f i t  checks. 

a. MSFN Compatibility Test. The antenna is removed from the shipping container, 
visually inspected, and subjected to a standardized checkout of electrical, command, 
telemetry and experiment subsystems. Test equipment, procedures and opera- 
tions a re  identical to those used at the launch site. MSFC establishes the require- 
ments for the compatibility tests and directs their performance. 
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b. Saturn V Fit-Check. The antenna system, adapter system and the CS 
mated together to determine their mechanical/structural compatibility. 

Static weight and balance measurements and CG trimming are accomplished at 
this time. 

Following all tests, the antenna is re-installed in the shipping container and trans- 
ported to KSC/AFETR for launch operations. 

8.7.3 Range Documentation. The basic documentation requirements of the MSFN 
Stations a re  listed below. 

a, Support and Instrumentation Requirements Document - This document specifies 
requirements for facilities, data processing logistics, telemetry, and instru- 
mentation support. It also furnishes a brief description of the antenna and provides 
detailed information on the characteristics of the telemetry and command systems. 

b. Operations Plans - The operations plan is prepared by NASA to specify require- 
ments for injection and early orbital support. The contractor inputs to this docu- 
ment include the launch operations test plan, the antenna operations notebook and 
nominal command schedule. 

The launch operations test plan pertains primarily t o the launch range operations 
and requirements. It specifies procedural and equipment interfaces and provides 
an operations schedule from the time of shipment of the launch site to orbital 
injection. However, it also furnishes information pertinent to orbital operations 
such as vehicle frequency utilization, telemetry formats, predicted launch mark 
events and processing requirements for orbital data. 

The antenna operations notebook includes subsystem descriptions, command 
control operating instructions, an orbital operations philosophy, and house- 
keeping data analysis. The command control instructions present a detailed 
analysis of antenna response to each of the possible commands under normal and 
abnormal conditions. It also defines and explains all cautions to be observed 
during operation. The orbital operations philosophy is a detailed discussion of the 
theory and reasoning used as a basis for the command schedule. The purpose is 
to provide the MSFN antenna controllers with guidelines so they may utilize the 
maximum capability of the antenna without endangering its operational life. This 
allows flexibility and rapid response to experimenter requests. Definition and 
analysis of all housekeeping data and their predicted limits a re  included in the 
operations notebook, The housekeeping data critical to antenna and experiment 
health a re  designated a s  red-line o r  go/no-go functions and their permissible 
limits defined. 

The antenna nominal command schedule provides predicted look angles, acquisition 
times, and sequence of commands to be transmitted for each ground station. 
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C. 

1 de 

e. 

Antenna T e l e m e t ~  Test 
composite video signa 
acquisitio~s will be p 
cessing tests. A script of the tape contents noting time and duration of commands 
is also required. 

otated magnetic tape of the telemetry 
ng simulated normal and abnormal orbital 

erational training and data pro- 

Range Compatibility - Antenna-to-ground station compatibility may be verified by 
arrangements with the erations Center for the applicable NASA 
stations to acquire and operate the antenna in orbit. The telemetry test tape 
could also be used for compatibility checks. 

Test Evaluation Report - A test flight report will be prepared for the antenna 
system. Pattern data at the three frequencies, noise temperature, pointing 
accuracy, reflector tolerance, biomedical data on crew collated to tasks, trans- 
mission tests , systems performance, temperature variations, orbital perturbations, 
etc., will be reported. Evaluation of the antenna performance throughout the 
mission will be based on MSFN-supplied reduced data. It includes sufficient 
detail to evaluate over-all performance against predicted criteria for each of 
the subsystems, and the experiment. 

8. 7.4 Launch Site Operations. At the launch site the antenna undergoes inspection, 
checkout, Saturn V assembly and launch operations. 

8.7.4.1 Sequence of Operations, A summary of the sequence of events is given in 
Figure 8-21. Shipping and receiving of all antenna equipment is accomplished per 
published shipping instructions listing all deliverable items with inspection and storage 
instructions of each. These functions are  accomplished by the organization and 
facilities established to support previous A A P  operations. 

PREFLIGHT 
CHECKOUT SYSTEMS TESTS ASSEMBLY 

RN LAUNCH 

TRANSPORT TO 

Figure 8-21. Launch Site Operations Flow Chart 
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A clean, environmentally-controlled area is provided for storage, assembly, and test 
of the satellite and experiment equipment. 

Engineering confidence tests are performed on all experiment subsystems to verify 
proper operation after shipment and prior to interface checks, These tests are 
accomplished by cycling the experiment through its operating modes while recording 
and verifying data per the antenna functional checklist. If an anomally is noted, the par 
ticular subsystem is tested per the appropriate section of the antenna subsystems 
acceptance test. 

In addition to these confidence checks, two formal engineering procedures a re  per- 
formed (1) solar array electrical test, and (2) electrical storage battery charge pro- 
cedure. 

Engineering confidence tests verify the mechanical and electrical interfaces between 
the antenna support subsystems and the experiment payload. Interface tests are per- 
formed with both the flight and the backup subsystems. 

Electrical interfaces are checked in all operating modes. These tests verify proper 
response of the antenna and experiment payload to external commands and to internal 
logic signals. Data from these tests is reviewed for quality and compared to data 
from the antenna acceptance test. 

Upon completion of interface checks the antenna is assembled to prepare for mating 
with its payload adapter assembly. The assembly procedure includes: 

a. Thorough cleaning of the antenna/adapter interface. 

b. Installing the flight battery, 

c. Verifying proper mating of each antenna electrical connector. 

d. Installing feed compartment equipment panels. 

e. Installing solar panels. 

A formal engineering systems test is performed after preflight assembly and prior to 
mating with the payload adapter assembly. This test duplicates, as closely a s  the 
fully assembled configuration will permit, the antenna systems acceptance test per- 
formed at the factory. The data is analyzed to verify proper operation of all sub- 
systems and compared with like data recorded during launch site confidence tests and 
the factory systems acceptance test, 

After completing the preflight readiness test, the weight and balance of the assembled 
payload is checked to verify launch configuration. The payload is then installed in the 
LEM adapter and mounted atop the Saturn launch vehicle. 
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ight readiness checkout s four sections: (1) spacecraft 
system checks, (2) experim t system checks, (3) instal ation, checkout, and inter- 
face verification, and (4) f i  spacecraft flight preparat n, The subsystems check 
again verifies proper response of the spacecraft an experiment payload command and 
control logic to extern commands and inter 
for qualitative analysis of the telemetry and electrical power systems. 

The total vehicle is then transported from the VAB, by means of the Crawler-Transporter, 
to its final position on the launch pad. There, final flight readiness checkouts are  per- 
formed in conjunction with the aunch vehicle countdown. Shortly before launch the 
antenna spacecraft is transferred to internal power to sustain standby loads until final 
orbit is achieved. 

logic signals, as well as providing data 

8.7,4.2 Launch Site Procedures. Al l  operations at the launch site are performed 
under the surveillance of MSFC quality control personnel to ensure maintenance of 
system configuration and performance integrity, An engineering log of all launch site 
activities is maintained by the systems engineer. Operations a re  divided into two cate- 
gories: (1) formal engineering tests, and (2) engineering confidence tests. The formal 
engineering tests are conducted by cognizant design engineers in accordance with pub- 
lished procedures specifying step-by-step sequential operations and witnessed by a 
quality control inspector. The engineering confidence tests are  also conducted by cog- 
nizant design engineers in accordance with functional checklists specifying required 
data and monitored by a quality control inspector. 

Table 8-1 lists typical launch site procedures applicable to the antenna spacecraft and 
the purpose of each. 

Table 8-1. Spacecraft Launch Site Procedures. 

TITLE PURPOSE 

Spacecraft Shipping Instructions 

Test Equipment Validation 

Spacecraft Subsystems Checklist 

Solar Array Electrical Test 

Battery Charge 

Spacecraft Final Assembly 

Preflight Readiness 

Flight Readiness 

Provide listing of all deliverable items with instructions for shipping 
and storage. 

Provide instructions for system qualification of special test equipment. 
(Standard test equipment will be calibrated by local calibration or  
precision equipment laboratory, ) 

Engineering confidence test for support systems. 

Test of open circuit voltage and short circuit current of each series 
string with a fixed illumination source. Also checks forward and 
reverse impedance of isolation diodes. 

Provides instructions for formation charge, standard full charge o r  
partial charge of the spacecraft electrical storage battery. 

Prepares spacecraft for mating with final stage. 

Final spacecraft syst@ms test. 

Performs functional subsystem tests on launch pad and provides 
instructions for final flight preparations. 
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Flight mission operations a re  controlled by NASA/ 

, Definition of the flight sequence from liftoff through 
craft payload into synchronous orbit is the responsi- 
t from trajectory shaping and optimization for the 

8.7.5.2 Orbit Operations. Initial orbital activities utilize the available astronauts to 
the fullest extent possible. (See Sections 2 and 3 of the report. ) 

a. Antenna Deployment. Pre-deployment procedures include such intra-vehicular 
tasks as maneuvering the Apollo CSM for docking to the antenna package itself 
and removing the antenna package from the S-IVB and remotely inspecting it from 
the command module. 

A crew member performs an extra-vehicular inspection of the experimental package 
to detect any possible damage during launch to increase reliability of subsequent 
deployment. During this extra-vehicular excursion, the astronaut removes the 
supporting hardware, thus eliminating the requirement for automatic sequencing 
of this particular operation. The EV astronaut in each case returns to the command 
module during deployment for safety reasons. 
activated, observed and photographed by the crew. 

Antenna deployment is remotely 

b. Experiment Activity. Astronaut participation in experimental activity described 
includes: 

1. Calibration of electronic equipment by functional switches, amplitude control, 
and visual observation. 

2. Alignment and periodic updating of the inertial measuring unit from celestial 
observations. 

3. Installation of feed and gain reference antennas and connection of electrical 
cables. 

4. Making optical instrument observations to determine paraboloidal focal point. 

5. Making final feed adjustment remotely from spacecraft based on boresight 
pattern data. 

6. Monitoring data and log comments during experiments. 

7. Boresighting optical tracker to mechanical pointing axis. 
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ane~vering spaeecrdt to point at: 

a) ~uas i - s ta t io~ary  targets. 

b) earth targets. 

c) orbital targets. 

9. Aligning pointing axis to initial scan position and realigning periodically as 
discrete angular sectors a re  covered. 

10. Initiating and stopping scanning motions. 

11. Aiding in target acquisition by monitoring amplitude of detected R F  signals and 
by making visual observations. 

c. Post-Experiment Activity. After completion of pattern measurements and pointing 
tests, one or two astronauts will prepare for the final extravehicular operations, 
e. g, , to inspect the antenna, make any necessary adjustments, check alignment 
and take photographs, Upon completion of the EVQ, the crew will secure and un- 
dock from the antenna system, leaving it as a passive reflector, and prepare for  
re  -entry. 

Typical flow charts for the astronaut activities are  contained in Figures 8-22 through 
8-25. 

TTACH RIGIDIZE 
TETHER, DETACH 

Figure 8-22. Pre-deployment EVA - 1 Man (Paraboloid Antenna). 
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--- _ _ - - - -  
R F A C E  TOLERANCE 
- - - - - - - I  

ASSEMBLE TOOLS, E T C  ATTACH S A F E T Y  DEPRESSURIZE 
LIGHTS, RESTRAINTS T E T H E R  O P E N  HATCH & EXIT 

MANEUVER T O  
F E E D  HOUSING 

CHECK OUT STRUT JOINTS 
& ATTACHMENT POINTS 

M A N E U V E R T O  
F E E D  S U P P O R T  
STRUTS 

DON AMU DETACH 
& CHECKOUT TETHER 

REMOVE F E E D  ALIGN CONNECT 
AND INSTALL F E E D  E L E C T .  LINES 

I 

FOR CORRECTIVE ACTION 

D E T A C H T E T H E R ,  STOW 
ATTACH S A F E T Y  EQUIPMENT 

INSPECT R E F L E C T O R  
MESH 

MANEUVER T O  
POSITION ABOVE 
R E F L E C T O R  

SECURE T O  STRUCTURE 
FOR CORRECTIVE ACTION 

E N T E R  
CM 

7 

I 

MAKE REPAIRS 

ATTACH RIGIDIZED 
ATTACH T E T H E R ,  DETACH 
T E T H E R  S A F E T Y T E T H E R  

Figure 8 -23. Functional Flow Diagram, 2-Man EVA Inspection 
of Deployment (Parabolic Antenna) 
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1 2 

GAIN DATA DESIRED FREQUENCY 

CALIBRATE TURN ON ALL MEAS- BEGIN SCAN MANEUVER 

i 

I I MEASUREMENTS TEMPERATURE DATA I 

Figure 8-24. RF Test Portion of Antenna Experiment (Intravehicular Activity). 

ELECTRICAL 
DEPLOYMENT 

POSSIBLE MAINTENANCE TASKS 

REPAIR WIRING, REPLACE DEFECTIVE 
TRANSMITTERS AND RECEIVERS 

REPLACE DEFECTIVE HORN 

LOCK MODULE 
IN PLACE 

Figure 8-25. Post-deployment EVA, Parabolic Antenna. 

8-43 



8. 8 COST ANALYSIS. 

8.8.1 Ground Rules. Total system costs were developed for each of the three experi- 
ments selected in the earlier phases of the study and that were considered in detail in 
Task 4. The funding requirements for the parabolic expandable antenna experiment are 
presented herein. Included are  nonrecurring cost, recurring cost, vehicle support, 
and facility costs. 

The cost estimating task for this experiment system was carried out in accordance with 
guidelines provided by MSFC as outlined below. 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

Cost estimates a re  to be developed for the experiments in accordance and 
compatible with, the general format outlined in "Cost Estimation for Future 
Programsft (AS0 12 May 1967). 

The level of detail of the costs will be dictated by the level of experiment 
definition attained and the time allocated to this portion of the task. 

Cost estimates are to be made for the space structure and support hardware, and 
experiment system integration only. 
vehicle, Apollo CSM or other spacecraft, launch support, launch operations, A A P  
payload integration, or  subsequent flights for rendezvous and/or experiment 
r efurbi shm ent. 

Costs will not be included for the launch 

The program to be costed will include one flight experiment vehicle only, with no 
backup flight article. 

Detailed costs will be developed for the ftParabolic Expandable Truss Antenna 
Experiment". 

In addition to total system costs, funding requirements will be presented in 
accordance with NASA Phased Project Planning Guidelines. These fiscal 
year cost estimates will include Phase C (Design) and Phase D (Development). 

In addition to total dollars, the system cost estimate is to include a breakout of 
labor in man years and material costs. 

Further ground rules which were used in this analysis include the following: 

a. 1967 dollars were used throughout both for labor and material. 

b. Present manufacturing and test facilities are assumed adequate and available for 
the conduct of this program with the exception of these unique or new facilities 
included in the cost estimate. 
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ified hardware components were uti ized wherever 

d. The program is assumed to be a normally paced (non-overtime) development 
program. Labor costs are  based on a single shift operation. 

)e. Costs were based on a flight date of 1971. 

f .  NASA in-house costs are excluded. 

8.8.2 Cost Estimating Procedure, In general, costs were estimated for (1) non- 
recurring or development phase of the effort; (2) recurring cost or  flight hardware 
unit cost; (3) vehicle support equipment (GSE and STE) and, (4) facilities. 

Nonrecurring Cost 

The nonrecurring cost includes all research, development, design, analysis and test 
including all development hardware necessary to fabricate and fly the operational 
experiment. 

The nonrecurring cost as defined herein includes only those costs up to the point where 
fabrication of the flight article is initiated. 
recurring (unit) cost to obtain total program cost. This procedure was used to give an 
incremental unit cost for the flight unit in a one vehicle program. 

The nonrecurring cost is added to the 

The system and subsystem definition and the development plans were reviewed and 
analyzed to determine general task requirements at the major subsystem level. Man- 
power requirements were then estimated for these tasks and for overall system inte- 
gration task. 

The development plan and the test plan provided the basis for defining the development 
and test units, other test hardware, and associated tooling, Costs were then developed 
for both material and labor. 

Composite labor rates were applied to manpower requirements and summed with the 
materials cost and overhead rates for the total nonrecurring cost estimate. 

Recurring Cost 

The recurring cost includes the incremental unit cost of the experiment, test operations 
and checkout, and spares. 

The design definition at the system and subsystem level was reviewed and analyzed and a 
"bill of material" and major component list prepared. Costs were then estimated for 
purchased items. In the case of manufactured items, material and labor costs for 
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fabrication and assembly including the appropriate tooling, quality control, etc. were 
estimated. System/subsystem test and checkout labor was estimated based on the 
complexity of the experiment and appropriate costs developed from available cost 
analogs, Appropriate factory overhead, material burden, and G&A overhead factors 
were then added to provide total incremental unit cost, 

Spares were estimated on a highly aggregated basis based on a percentage factor of total 
estimated unit cost because of lack of definition in this area. 

Vehicle Support 

Cost estimates were made both for GSE and Special Test Equipment (STE) at a 
relativdy high level of aggregation because of the lack of design definition of the equip- 
ment in this category, 

Facilities 

The design definition and the manufacturing and test plan for each experiment were 
examined to determine the requirements for new o r  unique and unusual facilities in 
each of the areas of manufacturing, test, and operations, and served as the basis of 
the cost estimates for these required facilities, 

8. 8 . 3  Cost Uncertainties. The confidence limits of the cost estimates presented in this 
report a re  believed to be compatible with the level of definition of the subsystems, 
components and with the development plan available at the time of the cost estimating 
effort. These estimates are to be regarded as area estimates and are  based on varying 
degrees of definition. In some areas, such as some of the experiment instrumentation, 
only cost allowances were made. 
Cost estimates in more detail, a s  well as greater confidence, a re  expected to be 
available at the conclusion of the NASw-1438 follow-on contract. 

These areas are  discussed and identified below. 

8. 8 . 4  Experiment Cost. Summary costs for the Parabolic Antenna Experiment are 
presented in Table 8-2, and detailed breakdowns in each of the areas of nonrecurring, 
recurring, vehicle support and facilities are presented in Table 8-3 through 8-5. 
Funding requirements by fiscal year for Phases C and D are  presented in Table 8-6. 

The nonrecurring cost of this experiment is estimated to require $14.2M for program 
design and development. A recurring cost of $11.3M is required for the fabrication of 
a single flight article. The total program is estimated to cost $27.3M, including the 
vehicle support and facilities. The principal uncertainties and assumptions are dis- 
cussed below. 

Hardware costs were developed on the basis of purchased components and materials and 
on manufactured items. Labor estimates were made for the overall system tasks, 
and the design, analysis, test, integration, and fabrication process for the "make" 
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Table 8-2. ~ n t e n n a  

~ o n r e c u r r i ~ g  Cost 

GSE/STE 

Facilities 

Recurring Cost (Unit Cost) 

Total Program Cost 

Cost (millions of dollars) 

16-04 

14.1 

1 .36  

0.50 

11.29 

27.33 

items. This also includes design, development, test, and qualification of certain com- 
ponents (in addition to the structure) , specifically the flight control programmer/logic 
unit, and the laser ranging unit. The remainder of the components are considered 
purchased items. 

The costs presented herein were based on one complete flight article, one complete 
prototype (with certain exceptions) plus single item components for use in subsystem 
and "bits and pieces" testing, Some of the subsystems on the prototype equipment 
will not be flig%t configuration. For example, because of the high cost of the solar 
cells and their installation, dummy panels will be utilized on the prototype. 

The components selected for costing purposes are current 'Ioff -the-shelf", space 
qualified units wherever possible, These components were selected for performance 
that either met or exceeded the capabilities requirements. In cases where no qualified a 

components were available, costs were based on equipment with excess capability. 
This was done to avoid incurring a large development or qualification cost at the com- 
ponent level which would completely override any recurring hardware savings which 
might be associated with a lower performance requirement. In the case of the star 
trackers, costs were based on trackers with a 15 a rc  sec. capability because no 
trackers in the one a rc  min. range are available that are space qualified or in a cur- 
rent state-of-the-art package. Similarly, the tracking, telemetry, command system, 
and data storage/data management systems components were estimated on the basis 
of similar systems in the APOLLO CSM Telecommunication System even though cer- 
tain elements of this equipment may have excess capability. In some cases, a lower 
cost estimate was used to allow for the fact that only portions of the electronic system 
"black boxes" were required. 

Certain of the component packages are not expected to be available or  off-the-shelf 
in the time period of interest. The packages which must be developed include the 
flight control programmer/logic unit for the attitude control system. This is a 
unique piece of equipment and will require a development and qualifying process. In 
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Table 8-5. Vehicle 

Vehicle Support 

GSE 

Launch Site Support 

In-Plant support. 

TOTAL 

STE 

Facilities 

Manufacturing 

Test 

Operational 

TOTAL 

upport and Facilities 
Cost (millions of dollars) 

$0.390 

0.220 

$0.610 

$0.750 

0.500 

-- 
$0.500 

Table 8-6. Funding Requirements Phased Project Planning. 

Phase G and D 

this case, a cost was assumed that is roughly similar to the flight control unit 
utilized in the Centaur upper stage. A l l  of the experiment instrumentation system - 
including the laser ranging unit - is expected to require development. The trans- 
mitters, receivers, noise generators, power meters, and feed components a re  con- 
ventional components which involve straightforward development programs. 
principal development effort for these components is for packaging and qualification 
and testing. The cost estimate for the laser ranging unit is based on a preliminary 
review of the required components and equipment complexity. A breadboard feasi- 
bility demonstration will be required; however, the overall development is believed 
within the current state-of-the-art and will not require an undue amount of engineer 
development. Also included in this estimate is a large computer program for the 
automatic reduction and display of the data generated by the laser ranging unit. 

The 

In the case of the experiment instrumentation equipment items, detailed definition is 
not yet available; therefore, the unit and development cost estimates for this equip- 
ment represents an allowance which is believed to be realistic. 
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The single highest cost subsystem is the solar cell panels and the overall program cost 
will be sensitive to changes in the size of these panels. Solar ce 
on a fairly large quantity procurement of about 250,000 cells, as 
in 1970 in a pro 
curement. 

costs were based 
ed to be procured 

ent equivalent to that of the present A T  

The expandable truss structure is relatively straightforward from the cost viewpoint; 
however, there is some 'potential uncertainty in the costs of fabricating the lightweight 
tubing. Several methods a re  under consideration, A chem-milled process was 
assumed for the present estimate. Should another method be used, costs could be 
affected in a number of areas including material, manufacturing labor, and possibly 
manufacturing research and development. A similar situation exists with respect to 
the beryllium-copper hinge jointed tube elbow. The structure costs, however, a re  not 
expected to be the dominant factor in the experiment. 

The facility estimate is based on the large assembly pit presently considered as the 
preferable method of integrated assembly and test of this structure, Alternate methods 
a re  presently under consideration which involve both simplification of assembly pro- 
cedures (which would be reflected in costs), and a more extensive development program 
wherein RF ground tests would be required. In the latter case, a large, erectable, 
hard ltbackbonelv support cradle would be required to permit the erection of the ex- 
tended antenna to a horizontal position. This mode of testing would require an 
additional $1.2M (total program) of which $0 ,2M would be for facilities (the remainder 
would be required for engineering, test, and the erectable cradle considered herein as 
STE). 

8.9 SCHEDULE. 

Major tasks in the erectable antenna program are shown in Figure 8-26. Fabrica- 
tion'and test of the prototype will be followed by a short design optimization period 
preceding fabrication and qualification of the flight experiment. Prototype testing 
will be completed in 2 1  months. Launch of the experiment can take place 34 months 
from go-ahead. Testing of the prototype as currently planned is non-destructive. 
Incorporation of changes required by testing will make the prototype into a flight 
backup experimente No backup experiment is included in the cost or schedule. 
early deployment tests, many of the flight experiment components can be started 
in the 17th month. This schedule is based on a non-overtime basis. 

With 

Unique supporting equipment required in Phase C, such as the laser measuring 
system, including software, computer system schedule is shown in Figure 8-27. 
Simulation of the Feed/Elec&onic Compartment and a EVA simulator on a hexagonal 
element of the reflector is needed to determine the feasibility of various crew 
tasks, and once the tasks are established, use the mockup for training. 

8-51 



MONTHS AFTER GO-AHEAD 
0 4 8 12 16 20 24 28 3 2  36 

& 

AATI( 

I I I 1 - 
PHASE 

40 

C 

Figure 8 -26. Parabolic Expandable -Truss Antenna Development Schedule 

MONTHS AFTER GO-AHEAD 
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LASER MEASURING UNIT ($600 K) 
DESIGN & COMPUTER 
PROTOTYPE 
PROTOTYPE TEST 
FLIGHT DESIGN 
FLIGHT PROTOTYPE ASSY. 
FLIGHT QUALIFICATION 

SIMULATION EQUIP. ($250 K) 
FEC-CONSOLE 

DESIGN 
F ABR IC ATION 
TRAINING 

TRUSS ELEMENT ($650 K) 
DESIGN 
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(UNDER WATER) 

D 

14 
F 

Figure 8-27. Supporting Elements Development Schedule 
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NASA FORM 1347 

Contained herein is the completed NASA farm 1347, which summarizes the proposed 
parabolic erectable truss antenna experiment. Although the actual scientific 
experiments which will be flown are not yet determined, a "hypothetical observation 
program" was conceived and utilized as a design guide. Presentation of this model 
program is included in the form for reference only. 

To make the form 1347 self sufficient, much of the data from this volume is repeated 
her  e in. 
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TITLE PARABOLIC ANTENNA EXPERIMENT 
(Confine to  total of 30 letters, numerals, spaces,  punctuation marks, e t c . )  

EXPERIMENT NUMBER 
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FOR 

TlTL PARABOLIC ANTENNA EXPERIMENT 

This P lan  coritains t h e  following: 

SECTION I Experiment S m r y  (copy) (The or ig ina l  is forwarded 
by separate correspondence t o  Headquarters sponsoring 
of f ice  f o r  signature and MSFEB submission) 

SECTION I1 
through I V  Experiment descriptive information (Same as sec t io i s  I1 

through I V  of the Ekperiment Proposal Fom but updated 
t o  r e f l ec t  current s ta tus)  

SECTION V 

SECTION V I  

SECTION V I 1  

Experiment Development Approach 

Experiment Integration Approach 

Experiment Programmatic Information 

The information contained i n  t h i s  document was prepared and coordinated by the 
Experiment Development Center and the Payload Integration Center, 

DATE 

S1GNATUFE:- - - . __ 
Experiment Dew lopmerit Centtl r 

SIGNATURE: - - -  

Payload Integration Center 

THIS DOCUMENT WILL BE SUBMITTED TO THE MSFEB 
FOR EXPERIMENT APPROVAL. I T  IS NECESSARY THAT 
ALL SECTIONS BE COMPLETED, 
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EXECUTIVE SECRETARY 
MANNED SPACE FLIGHT EXPERIMENT BOARD 

S I G N A T U R E  

. . - - - - 
E ( C o n b n c  to total combination of 30 s p a c e s ,  punc 

3. PRINCIPAL INVESTIGATOR -. - 
C PHONE i A F U L L  NAME E INSTITUTION t- 

.. .- _--- - 
4. _I)FFICE OR CENTER 5. CONTACT NAME5 

PROGRAM OFFICE 

- - . -_ - - 
GHT PROGRAM OFFICE 

- ~ _ _ _ _ _ _ _ _ _ _ _ _  
LOPMENT C E N T E R  

. . ____ 
EGRATION C E N T E R  

6. MSF/MSFB ACTIONS 
[To B o  Completed b y  Executive Secretary, M S F E B .  only . )  - . - _ _  ___ _- I _ _ _ - . ~ -  - _ _ _ ~  - ---- --- 

E DATES ____ __ __ ___.- 
A .  A C T I V I T Y  OR RESULTS 

COMPATIBIL ITY  REVJEW AUTHORIZED 

_- ___ _________ - - -- 

_-_- - -- ---I COMPATIBIL ITY  REVIEW B Y  

MS F E E  RECOMMENDATION 

~ I ~ ~ T - P R O ~ ~ A ~ - ~ S S ( ~ N M E N T  

__ -I-_.--- __-- 
FLIGHT MISSION ASSIGNMENTS 

wntcn IS OBSOLETE 
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temperature, pointing capability, and transmission characteristics in orbit. 

I Z  SIGNIFICANCE f ~ O i m , r l l N f t i p  irI fochnlcnl I i inr ip i i t lo ,  refcroncv prcvioiti, aqrormtotit data. meui~n,  a ir . )  Evaluation of man’s in-space 
capabilities in a broad range of tasks wi l l  be accomplished i n  the experiment. From this data man can be intel- 

[ ligently integrated into future programs enhancing their performance and reliability. Communication systems 
I require large antennas to reduce beamwidth, thus, lowering costly power requirements, minimizing frequency 
4 spectrum usage, and increasing transmission bit rate. Uniquely, the large tubular deployable truss structure is 
applicable to many space applicat 

IA 100 ft dia parabolic expandable truss antenna experiment is packaged in the SLA supported by the 4 LEM hard 

! :?t::.pressurized feed electronic compartment, IVA and EVA operations proceed to inspect the antenna, make 
I laser aided measurements of the reflector surface, adjust any improperly deployed tubes, and adjust reflector 
lmesh to optimum performance (RMS 0.125 in.). Once the large reflector has been adjusted and the feed 
mechanically boresighted, RF pattern, gain, and noise temperature tests will be performed by the crew. After 
electrical boresighting, acquisition and hold of ground satellite and celestial targets wi l l  be performed to demon 
‘strate pointing accuracy. Transmission tests a t  various frequencies follow to demonstrate capability and trans- 
mission system losses. Man participating in all those experiments will be biomedical monitored during each 
task. Anticipated experiment t ime is 14 days for manned operational and a 2-5 year life with ability to redock 
and refurbish electronics, power and attitude control systems. 

I 
I 
I 

-.- ---. - -  -- . - -_.-____ ---- .I .----n---------II~”- I_ 

in different forms of antenna to space assembly docking structure. 
- - _ _  . . - - __ . - - _. - __ -- __ 

3 DESCRIPTION fOa,rltrat. *q>prooch, briefly ,be eqrrrmemf.  Ir,cltrdc nkefch ~id/or block draprnma, whurovorpossible .  n6 on ofludmsntl fo 
l J , , \  h m  > 

Boosted to synchronous orbit, extracted from the SLA by the CSM, and deployed. With the CSM docked 

t 

i 

- P A R T  111 EN GIN E ERl NG IN FORMATION 

1. A UN C H - . - ~ T A E T V R N N x T  LAUNCH I R E T U R N - N .  A. 
1. WEIGHT I 2. SIZE 

5523 lb  
___.  - - I 3 POWER 

Fills SLA 
4 DATA RECORDING 

7 . 4  kw total, 2 .3  kw avg. 5?7;(: E R AF ., TE R A~-E- __ . _ .. _.. - - - . _ _  __ - __ - ___ __ _ _  - 

Boost - Supported on four LEM hard points in SLA 
Orbit - Docked at feed to CSM umbilicals - Communication 

Life Support - Air and Water 
Biomed Monitor 

k 3  kilobitslsec max. 

EVA - Suit umbilical (2) 

__ .___ - . - . - -..-- 
6 SPEC1 A L - ~ ~ N S T R A I N T S  (e I. urivrrumcnfal ,  nqufpmenf fflerima. .IC.) 

I Ground - Dry, non-corrosive atmosphere 
Space - 2 to 5 year life unmanned 

- Redock capability 

I 
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I Inflight. 
1 b) monitors deployment of the antenna; c) performs pattern, gain, and contour measurements (using a laser 
' measurement unit); d) performs EVA inspection of the antenna; e) performs required corrective action tasks. ! (Mesh adjustment) 
, Postflight. 

The flight crew a) maneuvers the experiment out of the SLA and into its final orbital position; 

Participate in debriefing and flight evaluation. 

The antenna is an independent spacecraft with on-board subsystems which are compatible with the MSFN & 
3SIF ground stations. TT&C support requirements are as follows: 

1) Manned Operations - Full MSFN coverage for initial manned operations and subsequent manned resupply 

l )  Unmanned Operations - MSFN or DSIF coverage on an as-scheduled basis for 2-5 year period. 
operations. Fourteen days are required for experiment. 

-- _____ 
3 SPECIAL REQUIREMENTS (c.a.  ireicciory, spacccmff siabrltzeflon, untrsuol prc-lermch \upport or r e c o v w y  Iechrrtquc.a, mrlo'k. E V A ,  

hrri. cir ) 

\lo unusual pre-launch support is required. Computer analysis of the orbital data from the laser measurement 
3f the antenna contour is required in real time (or near real time) so that the results can be retransmitted to  the 
flight crew for their use in conducting any required corrective action. Injection into synchronous equatorial 
xbi t  a t  120° west longitude is required. 

'ART V _.-__ MANAGEMENT 
DENTIFY AND DIAGRAM T H E  MANAGEMENT ARRANGEMENTS FOR IMPLEMENTATION O F  THIS EXPERIMENT 

:See Section 8, Figure 8-1 for diagram.) 
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I - TECHNICAL 

EVALUATE MAN'S ROLE IN DEPLOY- 
MENT, OPERATION & MAINTENANCE 
OF A LARGE ORBITING STRUCTURE 

The flight objectives of the Parabolic Antenna Experiment are threefold: to 
evaluate man's role in the deployment, adjustment operation and maintenance 
of a large orbiting structure; to advance the technology of large structures in 
space by evaluation of the expandable t russ  performance; to provide useful 
scientific data applicable to a wide variety of potential future missions, Means 
of accomplishing these objectives are summarized in Table 1-1 

ADVANCEMENT OF STRUCTURES 
TECHNOLOGY BY EVALUATION 
OF STRUCTURAL PERFORMANCE INFORMATION 

PROVIDE USEFUL SCIENTIFIC 

DURING: 
PHYSICAL LOCOMOTION 
EQUIPMENT TRANSFER 

INSPECTION 
MESH ADJUSTMENT 
FEED ALIGNMENT 
TUBULAR ELEMENT LOCKUP 
TOLERANCE MEASUREMENT 
PATTERN MEASUREMENTS 
POINTING TEST 

DATA RECORDING BY: 
BIOMEDICAL SENSORS 
PHOTOGRAPHY 

WITH APPLICATION TO: 
AVIONIC COMMUNICATION 
VOICE & TV BROADCAST 
DEEP-SPACE RELAY 
ESSA SATELLfTE RELAY 

SPACE STATION RELAY PLUS 
CAPABILITY OF REFURBISHMENT I STRUCTURAL DYNAMICS 

THERMAL VARIATIONS 
ANTENNA DEGRADATION 

DURING: 
DEPLOYMENT 
MESH TOLERANCE TESTS 
PATTERN MEASUREMENTS 
POINTING TESTS 
OPERATION 
EVA SUPPORT ___ _- 

DATA RECORDING BY: 
STRAIN GAGES, MICROSWITCHES. 
THERMOCOUPLES, REFLECTIVITY 
GAGE 
PHOTOGRAPHY 
LASER MEASUREMENT UNIT 

TO RECORD STRUCTURAL BE- 
HAVIOR OF: 

EXPANDABLE TRUSS 
MESH REFLECTOR 

DATA RECORDING OF: 
PATTERN MEASUREMENT OF LARGE 
(100 FT.) ANTENNA AT 100 MHz, 
1 GHz, 6 GHz 

POINTING CAPABILITY OF LARGER 
ANTENNA 

NOISE TEMPERATURE MEASUREMENT 
AT 100 MHz, 1 GHz, 6 GHz 

The success of the parabolic expandable t rus s  antenna will provide the space 
program with a compact highly stable structure for applications in antennas 
of various types besides the parabolic version discussed here. Phased arrays, 
helices, large solar cell or radiator area support are also candidate systems 
toemploy this versatile structure. Strain gages, microswitches, thermocouples, 
reflectivity gages, accelerometers, a laser reflector sufface measuring unit, 
and motion picture camera will be used to record the structure condition during 
deployment and operation. 

NASA FORM 1347 JAN 67 2 
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SECTION 11 - TECHNICAL INFORMATION (Cont'd) 

Truss and mesh surface measurements will be taken with the reflector at 
various sun angles. The most important evaluation will come from the 
crew's EV inspection of the deployed structure. Detail visual inspection and 
adjustment of this large structure would be impractical without man. 

Besides the significant information on man's operations and large structure 
deployment, dynamics, and thermal variations, the experiment will evaluate 
the fu l l  RF pattern around a large (100 ft. dia. ) parabolic antenna at synchronous 
orbit. Due to the long ranges (30 to 50 mi. ) required to evaluate field patterns, 
an antenna of this size has never been completely measured on the ground. The 
ground gravity condition also prohibits the achievement of a close tolerance 
reflector that probably can be achieved in this experiment. 
sidelobe patterns are important for future space antennas where voice or TV 
broadcast would scan neighboring areas or  countries, reducing their available 
clear stations and possibly offend them. Pointing and holding a 0. 12O (6GHz) 
beamwidth antenna system will test the attitude control system on a large 
flexible structure (1. 5 cps). Close tolerance measurement of background 
noise and earth noise will aid in the design of future systems. These tests 
will provide a wealth of knowledge for future communication systems, as well 
as determining man's effective role. 

Evaluation of 

2. SIGNIFICANCE 

The 100 ft. dia. expandable truss antenna was selected after evaluating re- 
quirements for potential future missions using large erectable antennas. 

Figure 1-1 shows antenna size vs. frequency bands, Beamwidth (1/2 power) 
of 17' subtends the earth from synchronous orbit, while 2' covers an 800 mi. 
time zone in the United States. Peak frequencies are limited by the surface 
tolerance (a) of the reflector surface to diameter ratio. Volume constraints 
limit the diameter of the antenna to 140 ft, with the CSM/LEM adapter confi- 
guration and to 320 ft. with the largest of the existing Saturn fairings. A 
100 ft. antenna will provide a 7' beamwidth at 0.10 GHz, 0.7' at 1 GHz and 
0.12' at 6 GHz. 

Typical applications are: 

a. TV and voice broadcast in the VHF range to limited areas. 

b. Measurement of earth radiating RF sources and plotting their location. 

c. High data rate link from orbit - useful for space station complex in 
synchronous or lower orbit. 

NASA FORM 1347 JAN 67 2 
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SECTION I1 - TECHNICAL ~ F ~ R ~ T ~ ~ N  (Cont'd) 

d. Deep space communication - a small antenna on an interplanetary space- 
craft to a high gain large antenna in orbit increases the bit rate at no 
power penalty to the spacecraft. Data relayed to earth pick-up. 

e. Orbiting satellite relay link - synchronous orbit pick-up of low orbit 
satellite information on high frequency bands and relays information to 
earth at lower frequency. ESSA requires this type system for current 
sys  terns. 

f. Avionics Control - in VHF range, large antennas are required to efficiently 
utilize power to cover areas such as the USA from synchronous orbit. 
Future supersonic transport overseas flights also require improved com- 
munication over Atlantic and Pacific areas, 

g. Avionic Radar Control - potentially in 1975-1980 period, avionic radar 
control from orbit will require large phased array systems. Structural 
concept of the expandable truss is applicable for supporting a built-up 
array system. 

h. Earth relay links, with multi-access point-to-point secure coverage. 

2 

20' BEAMWlD CONSTANT BW 

HEMISPHERICAL I COVERAGE 

10 
1 

FREQUENCY (MHe) 

VHF UHF SHF-) 

PROPOSED TEST FREQUENCIES 

Figure 1-1. Antenna Size Requirement (Paraboloid) For Limited Area Coverage 
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- TECHNICAL 

i. RF Spectrum Conservation - the growth of communication systems 
with increase in world population is rapidly diminishing the available 
frequencies. Large antennas with corresponding small beamwidth will 
limit transmission on a given frequency to a selected local area, allowing 
the same frequency to be used f o r  a different transmission in other areas. 
Orbital systems also permit the use of microwave frequencies that require 
line-of -sight transmission. Expensive microwave relay stations can be 
omitted and communication brought to people in remote areas. 

3. DISCIPLINARY RELATIONSHIP 

a. Related Work 

The study of the parabolic antenna experiment is closely related to three 
other NASA studies. 

(1) The Parabolic Expandable Truss Antenna study, conducted by General 
Dynamics /C onvair, is devel oping conceptual and preliminary de signs 
of antennas for use at communications frequencies. 

(2) The Extra Vehicular Engineering Activities study, conducted by 
N U ,  is establishing astronaut capabilities and support equipment 
requirements. 

(3) TV and Voice communication studies in work at NASA Lewis and 
MSFC. 

(4) Deep Space Communication studies at NASA-Ames evaluating orbital 
relay of deep space probe information. 

( 5 )  An Air Force contract at Wright Patterson, conducted by General 
Dynamics/Convair is to study the EVA assembly of tubular structures, 

b. Present Development In The Field 

This antenna experiment is currently under study by General Dynamics/ 
Convair under two contracts. The first contract included a survey of 
other types of antenna and resulted in a selection of the expandable truss 
parabolic antenna as a candidate for further effort. The second contract 
was aimed specifically at the identification of recommended large struc- 
tural experiments as a result of detailed analyses of all potentially 
available systems. Again, the parabolic antenna was selected for further 
consideration. This concept has been further exercised to optimize 

NASA FORM 1347 JAN 67 2 
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ON (Cont'd 

weight, configuration, mechanisms and subsys tems. Two models have 
been fabricated and operated to demonstrate stowage and deployment of 
the expandable t russ .  
available at NASA-MSFC. RF patterns and gain measurements have 
been performed on the 6. 5 ft. dia. antenna model. Preliminary designs 
exist for the major structural elements in both the feed and reflector 
assemblies. Launch of the parabolic antenna experiment within three 
years of contract go-ahead can be predicted with a high level of confidence. 

ovies have been made of the operations, and are 

4, EXPERIMENT APPROACH 

a. Experiment Concept 

A large demonstration unit of an expandable truss parabolic dish will be 
developed, ground tested and then launched to equatorial synchronous 
orbit. 
deployment demonstrated. In the course of a 14-day astronaut participa- 
tion program, involving IVA in the experiment feed electronics compart- 
ment and EVA, the antenna contour and dimensional stability will be 
determined. Experiments will be performed to determine the antenna 
pointing accuracy (with the docked CSM attached) and the transmitting 
and receiving characteristics of the antenna system. Final manned 
operations involve setting up the experiment for continuing unmanned 
operations to demonstrate the useful lifetime of the system, and its ability 
to perform, unattended, a series of scientific experiments using the 
receiving capability of the large antenna system. Figure 1-2 illustrates 
the antenna operations. 

In orbit, it will be deployed and the effectiveness of EVA in its 

The antenna will be compatible for refurbishment by rendezvous at later 
dates, and be suitable for installation of additional instrumentation and 
experiments after the primary mission is completed. 

b. Experiment Procedure 

The experiment will be packaged in a relatively small fraction of its 
deployed volume, and comprise the major portion of the scientific payload 
of a manned Saturn V launch. The experiment will remain dormant in 
its packaged configuration in  the LEM adapter section until final orbit 
has  been reached and the LEM adapter (SLA) petal sections are opened. 
The CSM will separate from the SLA and dock, similar to LEM, to the 
forward assembly of the antenna and the feed electronics compartment. 

NASA FORM 1347 JAN 67 2 
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- TECHNICAL ON (Cont'd) 

After docking, and initial readiness checks, separation of the experiment 
and CSM from the expended Saturn stage will occur on command from the 
CSM. The CSM control motors will provide a small translation velocity 
for additional clearance to the Saturn stage, An astronaut will then open 
the interconnecting hatch to the electronics compartment and perform a 
series of checks on the antenna systems. Umbilical connection of the 
antenna systems and the control, power and communication subsystems 
of the CSM will be made for combined operations, Umbilical connection 
of the antenna control panel within the CM will be made to appropriate 
antenna systems. When all systems have been checked, the feed support 
truss structures will be extended and locked into place, Micro switches 
on the joints displayed in the electronic compartment will inform the crew 
of complete lock-up of structural elements. EVA will establish the readi- 
ness for the deployment of the main dish, and through EVA, the feed 
support structure attachment joints will be unlocked in preparation for 
the deployment command. Movies of all deployment operations and of 
the EVA will be taken throughout the deployment sequence. 

Planned deployment of the dish will occur with the CSM docked to the 
electronic compartment with an optional backup capability to deploy the 
reflector while separated from the CSM. The CSM will be undocked and 
the dish deployed by remote control if truss support deployment exhibits 
any action that the astronauts judge as hazardous. A minimum of four 
ground deployments are performed on the flight reflection. Potential 
hazards to the crew or CSM will be evaluated in these tests. 

Following deployment of the dish, a series of experiments are performed 
utilizing coordinated effort of the three-man crew. These experiments 
fall into the following categories: 

Reflector contour measurement using a laser measurement unit. 

Crew EVA inspection of the antenna. 

Crew EVA adjustment of reflector mesh contour. 

Crew boresighting of feed to the optimum focal point. 

Acquire, track and hold an earth transmitter. 

Impedance measurement. 

Mapping of the antenna main lobe. 

Mapping of the entire sphere of RF energy. 

1347 JAN 67 2 
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SECT ont'd 

easure earthh, sun, galactic pole, galactic nucleus and moon 
noise temperatures. 

(10) Acquire, track and hold an earth orbiting satellite. 

(11) Acquire, track and hold a deep space probe. 

(12) Perform pulse transmission tests. 

One of the most likely astronaut tasks is adjustment of the mesh to obtain 
maximum performance. The laser measuring unit will provide the crew 
with information to adjust the reflector surface. At each spider point, 
adjusting screws are provided to allow the EVA astronaut to raise, lower 
or  tighten the local mesh contour using a low reaction tool. 

Completing the manned orbital mission, the crew checks out the antenna, 
undocks, and commands the vehicle to unmanned operation, Last hours 
of the schedule are taken up in preparation for the transfer to a re-entry 
orbit for the CM, however, during this period, the CM will stand off 
s o  that the crew can observe and provide photographic coverage of the 
unmanned operation of the antenna system. After the CM has departed, 
most of the experiments will be repated while operating in the unmanned 
mode. Periodically thereafter, additional experiments will be run to 
establish the useful orbital lifetime of the antenna. 

MESH TOLERANCE 
ADJUSTMENT \ 

Figure 1-3. Mesh Surface Tolerance Adjustment 
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ON (Cont'd) 

The significance of the participation of the astronaut in the experimental 
activity lies in the resulting enhancement of the over-all reliability and 
performance. His presence for observation of the deployment process 
ensures the successful accomplishment of that most essential event. If 
all goes well, he is able to report accordingly, thereby eliminating 
a potential ambiguity i n  data. If a problem arises, he is available to 
take corrective action - in the form of a structural repair, mesh adjust- 
ment, or in the form of a component replacement. 

He will run the reflector and pattern measurement tests, and steer the 
antenna during the dynamic pointing and noise temperature tests. For 
a detailed description of astronaut tasks, see Part IV-3 astronaut 
participation plan. 

c. Measurements 

Experiment data in both analog and digital form is converted to digital 
form for transmission to the ground stations. The general data l is t  
follows : 

REQUIRED REQUIRED PESULT ANT 
MEASUREMENT QTY. TYPE SAMPLES/SEC. BITS/SEC. BITS/SEC. 

Temperature 

Strain 

Angular 

Laser Beam 

Distance Meas. or  
RF Pattern Reading 

Switch Status 

Command 

Verification 

Synchronization, 
Timing, Biomedical, 
Housekeeping 

44 

44 

2 

1 

176 

40 

Analog 2 10 8 80 

Analog 2 10 880 

Digital 160 14 44 80 

Analog 160 10 3200 

On/Off 2 

Digital 2 

1 3 52 

1 80 

2928 
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SECTION I1 - TECHNICAL INFORNLA 

This data is contained within the antenna subsystems, and is processed 
and transmitted over the antenna telemetry subsystem, No requirements 
are imposed on the CSM data system. 

d. Data Analysis and Interpretation 

All the data is transmitted to the ground and is processed for shipment 
in digital print-out or magnetic tape form to the principal investigator. 
During the initial 14 day manned operations, some real-time data process- 
ing, computer analysis and evaluation is required at the control ground 
station to provide the orbital crewwith final information on the contour 
of the antenna. For this purpose, the laser measurement unit data is 
transmitted to the ground where it is immediately processed and plotted. 
The resulting plot is then transmitted back to the antenna where it is 
displayed for the astronauts to review. This plot, not only shows the 
contour of the antenna, but, by suitable shading, is also used to highlight 
the areas where the contour is outside the prescribed limits and provides 
instruction on corrective action. Pattern measurements will also be 
examined on the ground and recycles of questionable areas requested. 

e. Prime Obstacles or Uncertainties 

Design of the parabolic antenna experiment is based on current state-of- 
the-art in development of materials and construction details. As such, 
there are no direct obstacles to the accomplishment of this experiment. 
Continued advancement in associated technologies will accrue favorably 
to this experiment. The laser measuring system is well within the current 
state -of -the-art, but must be developed into working hardware. 

5. BASELINE OR CONTROL DATA 

Support activities recommended to augment the parabolic antenna experiment 
program are four prerequisite orbital experiments: 

Mesh Adjustment Technique - Simulate deployment of a hexagonal 
element of the antenna and determine man's ability, in a space suit, 
to adjust the mesh to a given contour. A laser measurement unit 
similar to the system proposed in the experiment will be used to evaluate 
the achieved tolerance and provide direction to the astronauts performing 
the test. The experiment procedure will duplicate the critical reflector 
tolerance adjust technique. It will provide information on size, shape, 
1 ighting, tolerance adjustment time, and ability for integration into the 
full size antenna. 

NASA FORM 1347 JAN 67 2 
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ON (Cont'd 

he other three tasks are currently part of the Saturn 
These include : 

a. Determination of astronaut locomotion loads along a tubular structure 
and realistic impact loads. 

b. Evaluation of clothesline supply and travel system for moving equipment 
and crew from the feed, down the feed support legs, to the reflector. 

c. Equipment replacement and repair under conditions similar to the pres- 
surized electronics compartmente 

The design of the parabolic antenna experiment is based on current state-of- 
the -art in development of materials and in detailed fabrication techniques. 
Construction of the large space structures involved is an extension of this 
current technology, mostly in the areas of testing and handling of the stowed 
and expanded structures. While not specFficaUy required, research in the 
following areas will contribute to performance, cost, and schedule improve- 
ments in the development of the antenna: 

a, Instxumentation for measuring structural distortion in space. 

be Instrumentation for d o s e  -tolerance measurement of spacecraft position 
and orientation in space. 

c. Dynamic analytical models of complex space structures, 

d. Control system simulations for large, flexible space structures. 

e. Fabrication techniques for thin-walled perforated seamless beryllium, 
aluminum and titanium tubing. 

f. Evaluations of astronaut EVA performance, capabilities, developments, 
and predictions for future capabilities. 

g. Evaluation of astronaut EVA equipment effectiveness, AMU, handtools, 
suits, gloves, tethers, etc. 

h. Flexible mesh assembly and adjustment procedures for ground fabrication 
and EVA in-space adjustment. 

NASA FORM 1347 JAN 67 





SECTION 111 - ENGINEERING INFORMATION 

1. EQUIPMENT DESCRIPTION 

a. Experiment hardware 

The parabolic antenna w i l l  be an independent orbital  vehicle af ter  
init ial  assembly,  alignment, calibration, checkout and testing by 
the astronaut crew. Five major  assembl ies  make up the flight 
ar t ic le .  The vehicle comprises:  FA-1, the parabolic dish; FA-2, 
the feed supports; FA-3, the feed and electronic compartment;  
FA-4, the instrumentation and control panel in the CM; and FA-5, 
the booster support s t ructure .  
assembl ies  for  each assembly. 

Figure 1-4 shows the major  sub- 

Lifetime of the experiment  i s  expected to be in excess  of two yea r s ,  
with provision for maintenance, and r epa i r  of the original equipment 
to support l a te r  transmitt ing and receiving experiments  after the 
initial two-year program has been completed. Modular construction 
of subsystems and maximum use of standard Apollo subsystems will  
be used to facil i tate maintenance of antenna subsystems.  

The parabolic dish wi l l  be an expandable three-dimensional t r u s s  
100 ft. d iameter  hexagonal paraboloid reflector,  designed to 
demonstrate  a reflector surface tolerance RMS/diameter ra t io  of 

dish (Figure 1-5) are :  so la r  power and s torage bat ter ies ,  tracking 
beacons and antennas, te lemetry antennas, command antennas, and 
attitude control actuator modules. 
a t r i l a t e ra l  symmetry  about the spin-axis of the dish. Six 120 ft .  
solar  panels a r e  used. The a r rangement  provides 4 kw continuous 
power when the dish is pointed away f r o m  the sun, and a minimum of 
1 k w  in  any orientation; random orientation wil l  give an average of 
2 k w .  Batter ies  and regulation equipment wil l  be provided at each 
solar  panel. (Figure 1-6)  

Vehicle subsystems or  major  components located on the 

These subsystems generally h ve 2 

Antennas for  tracking, te lemetry and command, and the associated 
amplifiers and equipment a r e  located at three symmet r i c  equipment 
stations on the dish. Antennas a r e  designed for  communication with 
the antenna regard less  of orientation. 
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SECTION 111 - ENGINEERING INFORMATION (Cont'd) 

F igure  1-5. Subsystem Orientation. 

Antenna Electrical Power subsystem. 

Antenna Electrical System Components. 

Component I Wt(lb) I Shape I ,Dimensions(in) IVol (ft3) 

Figure  1-6. Elec t r ica l  Power Subsystem. 
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SECTION I11 - ENGINEERING INFORMATION (Cont'd) 

The design of the telemetry and command system is based primarily 
on the requirements and constraints of performing unmanned inter- 
mittently for a one to five year period preceded by an initial fourteen 
day manned operation. 
ments in the experiment wil l  be channeled to the USB transponder for 
transmission to earth. 

The data collected from the various measure- 

A selection of two telemetry antenna systems wil l  be available - high 
gain or omni. 
a high data rate link when not used in pattern and gain measurement 
tests. 

The space erectable antenna (52 db) can be used for 

The command system is required so that a number of vehicle functions 
may be initiated from the ground and to transmit digital data to the 
spacecraft. Functional commands a re  associated with the deployment 
of the experiment, the control of antenna position, data storage and 
transmission. Figure 1-7 illustrates the basic block diagram of the 
system. 
development areas a re  anticipated. 

The system uses the available Apollo equipment and no new 

Figure 1-7. Telemetry and Command Subsystem. 

Along with the R F  parameters, mechanical, thermal, and surface 
measurement data w i l l  be collected for antenna evaluation 
(Figure 1-8). 

e 
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SECTION I11 - ENGINEERING INFORMATION (cont’d. ) 

ANALOG LASER & PATTERN DIGITAL ANGLE 
MEASUREMENT DATA DATA 

THERMO- 
PCM PROCESSOR 

- -_-  

Figure 1-8. Experiment  Data Conditioning Subsystem. 
Thermocouples will  be located at  key positions a c r o s s  the surface 
of the antenna to evaluate thermal  gradients. Strain measurements  
will  be instrumented in  near  locations to cor re la te  mechanical dis-  
tortion and s t r e s s e s  with the rma l  gradients.  Microswitches wil l  
monitor the lock-up of the hinged joints in  the antenna s t ructure .  
The status of the switch contacts w i l l  be  scanned and t ransmit ted 
via the PCM telemetry system. 
vide data for  surface contour evaluation. 
analog signal corresponding to distance or  range and two digital 
signals corresponding to angles. 
surface shape, 
pat tern tes t s  discussed later. 

The l a se r  measuring unit will  p ro-  
The sys t em produces an  

These data w i l l  define the antenna 
A s imi la r  s e t  of measurements  is required for the 

Bit r a t e s  for this experiment a r e  one-fourth the no rma l  Apollo r a t e  
of 51.2 kilobits per  second. 

The attitude control sys t em wi l l  have the following operating modes: 
iner t ia l  hold - to any specified attitude; rotating hold - on any 
specified iner t ia l  axis; slew, acquire and hold to a specified ear th  
target; pat tern measurement  scan; and dormancy. 
l ines the attitude control system. 
provides the fine control with station keeping and rough pointing 
provided by a cold gas expulsion system. 
is provided. 

F igure  1-9 out- 
A momentum exchange sys t em 

A two year  gas supply 
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MOTOR 5 \ LB. 

Y 

WHEEL CAE'ACITY- 
150 FT. LB. SE 

RCS STATION LIE 

COLINEAR WITH BEAM AXIS 
X INXYPLANE - z m  

SUN LINE -. 
MAINTAIN STAR LOCK-ON WHILE ANTENNA 
SLEWS RATE PER AXIS 0.04 DEG. ;SEC. 
USING INERTIA WHEELS 

* 
\ 

/* \ 

LOCAL 
VERTICAL 

FROM INITIAL ATTITUDE KNOWN TO 
0.1 DEG., COMMAND STAR TRACKERS 
TO SEARCH FOR & LOCK ON 
REFERENCE STARS 

COIVlMAND TRACKER ANGLES 
POINT BEAM AT TARGET 

Figure  1-9. Attitude Control System. 
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Feed supports a r e  expandable hinged triangular open-truss 
construction, 
of the feed assembly and the parabolic dish. 
provides an f / D  ratio of 0,4 for the antenna system. 

Three legs form a rigid frame for the interconnection 
Length of the struts 

The feed and electronic compartment assembly includes an 8 ft. 
diameter cylindrical compartment; dock, hatch, and pressurization 
subsystem to facilitate the astronaut checkout, repair, calibration 
and other support activities. 
electrical and electronic subsystems of the vehicle not previously 
described, and the transmitting and receiving experiments. The 
hinged feed cones a re  in an unpressurized radio transparent dome. 
A dock is provided on the pressurized compartment for mechanical 
docking of the CSM, and it has the necessary electronic/electrical 
interfaces for  control of the antenna throughout deployment, check- 
out, and operation. 
astronaut can use the compartment as an airlock. 

The compartment contains the 

Included in the dock is a hatch so that the 

The electronics compartment is pressurized by the vehicle environ- 
ment control system on command to facilitate activities of the 
astronaut. 
electronic compartment serving as an airlock between the CSM and 
space operations. 

An external hatch is provided for EVA activities, with the 

Subsystems in the electronics compartment are the central power 
control and distribution subsystem, momentum exchange system, 
environmental monitors and laser measuring unit. They interface 
with the ground power umbilical for prelaunch activities, and the 
docked CSM for remote control and supply of power to antenna 
subs y s tems . 
The command subsystem in the electronics compartment is the 
central control, command storage, and programming subsystem. 
It monitors the three command receiver subsystems in the dish 
assembly and identifies valid commands and executes them. It 
interfaces with the CM through the dock for  remote control of the 
antenna from the CM or  the electronics compartment. 

The inertial reference and control subsystem is  also located in 
the electronics compartment. 
maintains the heat load compatable with the CSM environmental 
control system. 

An external radiator system 
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SECTION III - ENGINEERING INFORMATIO~ (Cont'd) 

b. Required Equipment 

1 .  

2. 

3. 

4. 

Flight Article 

FA-1, Parabol ic  Reflector 
FA-2, Feed  Supports 
FA-3, Feed  Electronic  Compartment 
FA-4, CSM Instrumentation 
FA-5, Booster Support Structure 

Engine e r ing Model 

EM-1, Reflector Structural  Tes t  
EM-2, Feed  Supports, Structural  Tes t  
EM-3, Feed  Electronic Compartment, 

EM-4, CSM Instrumentation, Mockup 
EM-5, Adapter, Structural  Tes t  
EM-6, CSM Dock (Tes t  Accessory) 
EM-7, LEM Adapter (Tes t  Accessory)  

Structural  Tes t  

Engineering Subassembly Test Art ic les  

SA- 1, Hexagonal Structural  Test  Unit 
SA-2, Feed  Support Strut  
SA-3, Feed  Electronic Compartment 

Soft Mockup 
SA-4, Control Panel  Mockup 
SA-5, Control Panel Adapter 

SA-6, LEM Adapter Interface 

SA-11, TT & C Subsystems Antennas 
SA-14, Solar Power Panel Tes t  Model 
SA- 17, Attitude Control Module 
SA-21, Harnesses  (Tes t  Accessories)  
SA-31, T T  & C Subsystems 
SA-32, Laser Tes t  Art ic le  

(Tes t  Accessory)  

(Tes t  Accessory)  

Training Art ic les  

TA- 1, Neutral  Buoyancy Tank 
TA-2, Antenna Pa t te rn  Simulation 

TA-3, Orbi ta l  Flight Simulator 
TA-4, Structural  Element (EVA) 

Console 

c. State of Definitior 

Conceptual Design 

Conceptual Design 

Working Model Built 

Conceptual Design 

Existing 
Conceptual Design 

Conceptual De s ign 
Prototype 
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b. Required Equipment (cont'd. ) 

5. Ground Support Equipment 

GSE-1, Spacecraft  Handling and 
Shipping Pal le t  

GSE-2, Feed  Electronic  Module 
Handling Car t  

GSE-3, Equipment Handling Carts(4)  
GSE-4, Hoists and Slings (As Required) 
GSE-5, Spacecraft  Checkout Console 
GSE-6, Launch Control Panel  
GSE-7, L a s e r  Unit Checkout System 

c. State of Definition 

Available components 

Available components 
Available components 
Available 
Conceptual Design 
Conceptual Design 
Conceptual Design 

2. ENVELOPE 

The parabolic antenna experiment  has five major  assembl ies .  
assembl ies ,  dimensions and configurations a r e  shown in  sketches 
a s  follows: 

The 

As s embly FA- 1, Parabol ic  Ref lector  As s embly F igure  I- 10 
Assembly FA-2, Feed Support Structure  Assembly F igure  1-1 1 
Assembly FA-3, Feed Electronic Compartment 

Assembly F igure  I- 12 
Assembly FA-4, CSM Instrumentation Assembly F igure  I- 13 
Assembly FA-5, Booster Support Structure  F igure  1-14 
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SECTION I11 - ENGINEERING INFORMATION (Cont'd) 

HINGE 

DEPLOYING 

16 FT. 

REFLECTOR DEPLOYNENT 

Figure  1-1 1. Feed Support Structure Assembly. 
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- EVA HATCH LOW FREQUENCY FEED 

FEED SUPPORTS HIGH FREQUENCY FEED 

ELECTRONIC CONSOLE 
TELEMETRY 
POWER MONITOR 
ATC (GYROS) 
PATTERN MEAS, 
SURFACE MEAS, 

PRESSURIZATION SYSTEM 

Figure I- 12. Feed Electronic Compartment Assembly. 

B IO-MEDI CA L 
STATUS 

EXPERIMENT 

ENVIRONMENTAL 
STATUS 

NOTE: T h i s  d u p l i c a t e s  similar 
information i n  Feed/Electronic 
Compartment & ground information 

Figure 1-13. CSM Instrumentation Assembly. 

2 
1-32 
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SECTION I11 - ENGINEERING INFORMATION (Cont'd. 1 

I?ZRMANENTLY ATTACHED 
TO LEM HARD POINTS 

SWING BACK 

SHEAR P I N S  OR EXPLOSIVE BOLTS 
PALLET BASE CONTAINS 

FOR EACH S P I D E R  
(9 )  

Figure I- 14. Booster Support Structure. 
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SECTION I11 - ENGINEERING INFORMATION (Cont'd. ) 

3. WEIGHT AND SIZE 

Standby Average 
Total Power 312 watts 500 - 800 watts 

Equipment Item 

1. Parabolic Dish Assembly 

2. Feed  Support Assembly 

3. Feed Electronic 
Compartment 

4. CSM Instrumentation 
Assembly 

5. Booster Support Assembly 

TOTAL 

Maximum 
1,736 watts 

3,092 

122 

2,159 

20 

130 

Standby Aver age 

NJA N/ A 

5,523 

Maximum 

N/ A 

Volume (cu f t )  
Stored Operation 

1,208 42,048 

43 168 

43 8 43 8 

2 2 

2 2 

, 6 9 3  42,658 

Dimensions ( f t )  
Stored Operatior 

13.5Dx9.8 100Dx6 

9.5 x l . 5  x 2 . 7  

8.4Dx5 41x4~2 

19 x:lZ x 12 

13D 

Shape 
Stored Operation 

Cylinder Dish 

Struts 

Cylinder --- 

?anel. Equip. --- 
r r u s s  A S S ~ .  N/A 

4. POWER 

(The spacecraft  has  independent power sources and therefore does not require  power 
from the CSM.) 
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SECTION 111 - ENGINEERING INFORMATION (Cont'd. 

5, SPACECRAFT INTERFACE REQUIREMENTS 

The parabolic antenna experiment  is not physically located within the 
CSM, except for  assembly  FA-4, the control panel and related 
instrumentation, but is an independent orbi ta l  vehicle after init ial  
deployment and t e s t  by the astronaut  crew. 

a. Required o r  Des i red  Location 

The antenna is designed to be ca r r i ed  within the LEM adapter 
compartment,  mounted on the launch vehicle central  axis, with 
feed assembly forward  and the folded feed support s t r u t s  and para-  
bolic dish aft. 
adapter and payload separation system. 

Mechanical and e lec t r ica l  interface between the CM and the antenna 
a t  the docking cone a r e  used for extraction of the payload f r o m  the 
LEM adapter and for control of the antenna when docked in  orbit. 

All launch loads a r e  t ransmit ted through the booster 

.. 

b. Mounting Requirements  

Assembly FA-5, booster adapter,  i s  designed to mate  to the LEM 
interface points (4) on the LEM adapter. It has a separation sub- 
sys t em which allows the CSM to initiate separation of the dish 
assembly  f r o m  the antenna adapter and the launch vehicle. 

c. Spacecraft Subsystem Support Requirements  

When docked to the antenna, the CM provides: e lec t r ica l  power and 
e lec t r ica l  control signals for separation of the antenna f r o m  the 
launch vehicle; attitude control of the combined vehicles, and t r ans -  
lation forces  for separation of the antenna f rom the expended Saturn 
upper stage; signals for  the deployment; checkout capability; and 
control of the antenna experiments.  
operations, if not standard CM, a r e  provided in  assembly FA-4, 
the control panel. 

d. Special Mechanical Linkage o r  Control Requirements  

Through the docking cone on the antenna, the CSM provides for 
attitude contr o l  during separation and deployment, and during 
attendant EVA. Other mechanical  interfaces  with the antenna: 
handholds, tether attach points, clothesline supply tie points, and 
other EVA aids  are discussed as equipment required,  for the 
astronaut participation plan herein. 

Controls and indicators for these 
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An environmental  checkout panel i s  requi red  to monitor temperature ,  
p r e s s u r e  and gas  status in  the electronic feed compartment,  
airflow is required during operation with monitoring f r o m  the CSM 
and electronic compartment sections. 

Continuous 
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6. ENVIRONMENT CONSTRAINTS 

a. Environment Extremes for  Operation of the Parabolic Expandable Truss  Antenna 
Equipment 

Atmospheric P r e s s u r e  ( 1 ,  2 )  
Relative Humidity (1, 2 )  
Air Movement Rate ( 2 )  
Atmospheric Composition (1) 
Contaminants 

I 
Acceleration (Storage) 

Positive (1, 2 )  
Negative 
Transverse 

Positive 
Negative 
Transverse  

Vibration (Storage) 

Acceleration (Operational in Orbit) 

Random 
Sinusoidal 

Random 
Sinusoidal 

Vibration (Operational) 

Noise 

FA-1 FA-2 FA-3 FA-d FA- 5 
Dish Struts Feed Control Support 

Condition applies to a l l  assembly except if  noted. 

-65O to +160°F 
70 +30°F 

(3) Vacuum to 1 atmosphere 
5 % 

Dry a i r  o r  nitrogen 
When in storage,  the large s t ructures  are protected 
by a polyethylene dust cover and desiccant bags to 
lower humidity. In launch configuration, dry  cool- 
ing sir o r  nitrogen with particle s ize  15 microns o r  
less .  

20 fps 

8G 
3G 
3G 

0.3G 
0. 6G 
0. l G  

All assemblies,  when packaged for shipment and 
handling are designed for shock and vibration 
typical for space hardware. 
Operational vibration and noise conditions a r e  
Saturn V launch loadings. 

Same a6 above. 

Light Tolerance 
Int ens i t  y 
Wavelength 

Radiation Tolerance 
RFI  
EM1 

NOTES: 
(1) When packaged for  shipment. 
( 2 )  In the launch configuration. 
( 3 )  The assemblies  are not sensitive to  atmospheric pressure  variation when not in 

operation. 

The experiment is designed for independent opera- 
tion in orbit  and tolerance to light and radiation i s  
designed for the synchronous orbital  environment. 

No restriction. 
No restriction. 

I 
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b. Intereference 

Since the antenna is an independent spacecraf t  in orbit ,  potential 
interference is minimal. During prelaunch operations,  and for  the 
control panel and ha rness  c a r r i e d  in the CM, EM1 is r e s t r i c t ed  to 
meet  MIL-STD-826, 
phase. 
compartment f rom the CSM system. Therefore all equipment wi l l  
be designed to the Apollo contaminant limitations. 
blackout, when the antenna comes between spacecraf t  and ear th ,  is 
compensated for by additional antennas on the per iphery of the 
ref lector  . 

All sys tems a r e  inactive during the launch 
In-orbit  environmental  control i s  requi red  in the electronic  

CSM antenna 

7. DATA MEASUREMENTS REQUIREMENTS 

The parabolic antenna experiment uses  the Apollo data t ransmiss ion  
sys tem (DTS) for communication of the experiment data to the ground 
station. This DTS is located in the antenna and operation of the experi-  
ment  does not place a requirement  on the CSM for experiment data 
t ransmiss ion  except for those measurements  on the CSM normally made  
during rendezvous, docking, EVA and other orbi ta l  support  operations.  
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SECTION IV - OPERATIONAL REQUIREMENTS 

1. S P A C E C W T  ORIENTATION REQUIREMENTS 

T h e r e  a r e  two p r i m a r y  spacecraf t  involved: the CSM, and the antenna. 
The interactions of these two vehicles, and the astronaut c rew a r e  criti- 
cal  to the successful conduct of the experiment a s  well as the safety of 
the crew. 

a .  Maneuvers 

The CSM i s  u sed  in the separation and deployment procedure fo r  the 
parabolic antenna experiment.  
in  F igure  1-15. 

The deployment sequence i s  shown 

b. Type of Orbit  

Pa t t e rn  measurements  with la rge  antennas having corresponding 
sma l l  beamwidths a r e  bes t  per formed a t  synchronous equatorial 
orbit .  
bility, data t rans  fe r  and processing i s  facilitated, orbi ta l  motion 
can be #utilized for  one pat tern coordinate angular change, orbi ta l  
r a t e s  a r e  sufficiently low to  allow use  of low torque auxiliary atti- 
tude control ,units, s teer ing maneuvers  a r e  simplified, and the 
antenna is evakuated in the most  likely future sys t em operational 
orbit. 

In synchronous orbi t  there  is continuous ground source vis i -  

c. Orbit  P a r a m e t e r s  

The circular  orbi t  has per igee and apogee altitudes of 19,200 n, mi., 
and a period of one s iderea l  day ( 2 3  hr. 56 min. 44- s ec . ) .  The  
orbit  inclination p re fe r r ed  is 00,  however, low inclination values a r e  
acceptable. 
wes t  longitude is preferred.  

Stationary position at  the neutral-  stable point near  120° 

d. Lighting Constraints 

Mesh contour and pattern t e s t s  will be  made with the reflector or ien-  
ted facing the sun, 45O to  sun, side sun, and r e a r  sun. During EVA 
inspection of the antenna the experiment will  be s t ee red  with the 
momentum exchange s y s t e m  to keep the sun on the astronaut 's  back 
with a rough tolerance of - 45O. T h e s e  measurements  will requi re  
position hold t ime of approximately 30 min. each and occur twice 

t 
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SECTION IV - OPERATIONAL REQUIREMENTS (Cont'd) 

during the experiment.  

e. Launch T ime  

T h e r e  i s  no specific launch window required.  To  mee t  secondary 
objectives, it may be  preferable  to  launch at o r  nea r  an eqzzinox to  
provide shadow periods while the astronaut c rew i s  available for  ob- 
servation of the eclipse effects on the l a rge  space s t ructure ,  and for  
repa i r  or  identification of fa i lures  which could possibly be induced 
by the shadowing. 

f .  Number of Measurements  Required 

The  CSM will be required to  provide orientation to  the combined 
CSM and antenna throughout the manned measurement  program,  
lasting for a ful l  14 days, and covering a complete survey  of the 
operation and measurement  of the la rge  antenna system. 
contour measurements  will  be taken at  the 4 sun angles and at every  
adjustment. A re-cycle  will  be  made twice during the 14 day period, 
and automatic checks made every 15 days in the unmanned mode fo r  
a 2 to 5 year  period. 

Reflector 

Pa t t e rn  t e s t s  at 100 MHz, 1 GHz and 6 GHz resul t  in  bit  ra tes  a s  
shown in Table  1- 3 

Table 1-3 .  Pat te rn  & Gain Measurement  Bit  Rate  (One r p m  rotational ra te)  

Total  
Bits 

28 

14 

14 

150 4200 

34 476 

150 

Two amplitudes 

Two amplitudes 

Simultaneous Mea s u r  ement 
Bit Rate, 1 & 6 GHz 
Measurement  Bit Rate, 
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SECTION IV - OPERATIONAL REQUIREMENTS (Cont'd) 

Biomedical information will  be based  on techniques developed in  the 
workshop t e s t s .  

S t ra in  gage, thermocouple and microswitch lock-down instrumenta-  
tion will be  checked periodically, covering approximately 200 data 
points . 

g. Time pe r  Measurement  

During the 14 day miss ion  a s e r i e s  of repeated measurements  will 
be made for  different illuminations, frequencies,  polarit ies,  etc. 
In addition, continuous biomedical data will be taken. Types of 
measurements  and the allotted t ime for  a measurement  cycle a r e  
a s  follows: 

MEASUREMENT 

L a s e r  Contour Measurement  
Biomed Data During EVA Operations (2 men) 
Acquisition of E a r t h  Transmit t ing Targe t  
P a t  t e r n Me a su r  e m e  nt 
Impedance Measurement  
Receiver  Calibration 
Map Main Lobe 
Map Over Ent i re  Sphere  
Calibrate Noise Tempera tu re  Radiometer 
Record  S u n  Noise Ternperakure 
Record Ea r th  Noise Tempera tu re  
Record  Galactic Pole  Noise Tempera tu re  
Record Galactic Nucleus Noise Tempera tu re  
T r a c k  and Hold E a r t h  Source 
T r a c k  LOW Ear th  Orbi t  Satell i tes 
T r a c k  Deep Space P r o b e  
Pu l se  Transmiss ion  Tes t s  

Continuous Measurements  
spacecraft position, 
Biomed on each crew member ,  
Strain gage, thermocouple readings. 

~ 

TIME 

30 
720 

60 
480 

60 
30 

180 
7 20 
120 
40 
40 
40 
40 
80 

120 
120 
180 
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SECTION 1V - OPERATIONAL REQUIREMENT 

NOISE TEMPERATURE 
ME AS UREME NT (PITCH) 

h. 

i. 

j. 

6 GHz 1 GHz 
a .  

Orbital  Location During Experiments  

Experiments wil l  generally be conducted throughout the orbit ,  in a 
n e a r  -continuous mode of operation. 
scheduled for cer ta in  hours  of the day are:  measurement  of antenna 
contour in shade (a t  local midnight) and ea r th  noise tempera tures  at 
various times of the day. 

Experiments  which must  be 

Spacecraf t  Pointing Accuracy 

The combined CM and antenna ACS will  control the docked vehicles 
through the 14 day manned measurement  p rogram through the u s e  of 
the antenna actuators  when measurements  a r e  being made. 
accuracy i s  requi red  for  the sp i r a l  scan of the  1. 5' main-lobe of the  
antenna. F o r  pat tern measurement ,  a pointing accuracy  throughout 
the scan of 0.03O is required.  
is to hold on an ea r th  target.  
ing the antenna to  drift  through the t a rge t  a r ea .  
t r a t e s  the pointing requirements  and sys t em limitations.  

Maximum 

The most  s eve re  pointing requirement  
Noise t e s t s  can be performed by allow- 

F igu re  1-16 i l lus-  

Allowable Spacecraf t  Rate 

Allowable r a t e s  for  the combined spacecraf t  will  be  very low because 
of the moment of iner t ia  of the system. Maxirnum e r r o r  in attitude 
r a t e  is requi red  to be 0.002O per  sec.  .or less ,  corresponding to  the  
r a t e  produced by the  minimum torque impulse of the antenna je t  
actuators.  

I EXPULSION SYSTEM I 

INERTIA WHEEL 

I PATTERN MEASUREMENT 
(SPIRAL SCAN) 

100 MHz v 
100 MHz 

e 

1 & 6 G H i  

ROTATION .001 .01 0.1 1.0 ( g )  

SYNCHRONOUS ORBIT 
RATE (EARTH HOLD) 

STRUCTURAL LOADING- 
SOFT. ARM(g) 

0.001 0.01 0.1 1 10 100 
ANGULAR RATE (DEG. /SEC. ) 

Figure  I- 16. 
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2. 

Antenna Theory and 
120 haws 

Usage 120 Hours 

Tota l  time required: 
800 Hours  

At least 3 to 6 astronauts 
are t ra ined at the same 
time. 
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Analysis & Repair 
Techniques 120 Hours 

Safety P r o ce du r e s 80 Hours 

T a s k  Simulation 

1. Lase r  Measurement Unit Tes t s  

a. Evaluate Data 
b. Repair  Equipment 
c. Feed  Boresighting 

2.  R F  TESTS: 

a. Pa t t e rn  Measurement 
b. Gain Measurement 
C .  Alignment 
d. Calibration 
e. Data AnaIysis 
f .  Noise Measurement 
g.  Transmiss ion  Tes t  

3. EVA St ruc tura l  T a s k s  

a. 

b. Adjustment of reflector mesh 
c. Electrical connections 
d. 
e ,  Inspection 
f ,  Maintenance 
g. Tool  Handling 

Detection and repa i r  of malfunction 
in deployment 

Installation and change of components 

4. Pointing Tes t s  

a. Acquire Ground Station 
b. Acquire Satellite 
e .  Acquire Celest ia l  Object 240 Hours 

3 
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3, ASTRONAUT PART ON PL 

To perform the tasks outlined in Table 1-4, the astronaut will have a command 
console in the feed-electronic compartment. He will use the laser surface 
measurement system, evaluate the surface contour and make the decision on 
what action to take. In the pattern measurements, he will steer the antenna 
to acquire the transmitter and monitor pattern measurements throughout 
the test. Aided by ground control, he  will make the decision if sections of 
the patterns test are questionable and should be repeated. In the noise and 
pointing tests, he will steer the antenna and initiate lock-on to ground, satellite 
and celestial targets. He will back-check the attitude sensor equipment with 
position fixes at critical acquisition phases. 

His potential EVA tools and space parts are listed in Tahle 1-5. 
hand torque gun will be used to make mesh corrections, '%" clamps have 
broad application to positioning material to make adjustments or  repairs. 
W i r e  and coax splicers are needed if deployment or boost vibration should 
damage the lines coming from the perpherial mounted equipment to the electronic 
compartment. Metal and mesh cutters could be used to release a damaged 
truss tube. Redundancy of the truss will allow anyone of the six elements in 
a hexagonal assembly to be removed without impairing the structural integrity 
of the antenna. A stadi optic could be used to approximate distances and make 
measurements of the truss and mesh. Each of the ATC engine modules can 
be removed and a new module plugged in. Laser system, that is a development 
item, will have a spare, The laser mounts on a hatch in the electronic compart- 
ment and can be removed for repair or replacement. Power and coax lines 
replacements may be stored on the side of the electronic compartment. A 
telescopic tubular element spare can be used to replace any damaged tubes 
or  as a test of EVA dexterity in a simulated repair. Test made on the mesh 
show thatVelcro tape is ideal for joining a damaged area. Thermal coating 
repair of a spray or  tape type would be used during the EVA inspection if surfaces 
were marred during boost or deployment. A lubrication would be useful for 
the tube and feed hinges and adjustment system. 

Low reaction 

During all EVA, two astronauts will be space suited with one serving as safety 
man. The third man will remain at the CSM command position, 
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SECTION 1V - OPERATIONAL REQU EMENTS (Cont'd) 

NASA FORM 1347 JAN 67 3 

1-49 



SECTION IV - OPERATIONAL R E Q W ~ E M E ~ T S  (C ont'd) 

NASA FORM 1347 JAN 67 3 

1-50 



NASA FORM 1347 JAN 67 3 

1-51 



SECTION IV - OPERATIONAL REQUIREMENTS (C out 'd) 
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1-5. Astronaut Tools 81 Space Parts 

Metal & Mesh Cutter 

Wrench Socket 

Stadia Calibrated Optic 

Locomotion: 

AMU for safety or rescue, but is 

4. PRE -LAUNCH SUPPORT 

SPARES 

ACS P1~g-h 

Laser Measurement Unit 

Power 'Line 

Coax. Line 

Tubular Element 13 & 9 ft. (variable size' 

Velcro Tape (Mesh) 

Thermal Coating (Spray & Tape) 

Lubricator 

Tube Hinge Locks 

Plug in Electronic Modules 

Valves and Regulators 

Fuses and Fuse Blocks 

a. Shipping and Handling Procedures 

Material handling and packaging is controlled by National Aerospace 
Standards (NAS), These standards establish the methods, materials and 
devices to be used throughout the procurement, receiving, manufacturing 
and shipping phases of the program. Containers are makred in accordance 
with MIL-STD-129. A special pallet/shipping trailer is required for ship- 
ping and handling the completed antenna assembly. 

b. Ins tallation and Checkout 

The antenna spacecraft is designed to make maximum use of the LEM 
installation and checkout procedures. The actual installation on the 
Saturn V launch vehicle uses the LEM attachment points, the spacecraft 
LEM Adapter (SLA) and the LEM docking drogue. 
procedures will, to the greatest extent practicable, use actual blocks from 
the LEM procedures. Electrical installation will utilize the existing 
umbilicals for landline connections. 

Mechanical installation 

As a further check of the compatibility of the antenna systems with the 
launch vehicle and with the MSFN and DSIF ground stations, the antenna 
will be shipped to NASA/MSFC for f i t  checks and RF data link checks 
prior to being shipped to the launch site. 
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c. Facilities 

In addition to the facilities already available at Complex 39, the antenna 
will require the use of a Missile Assembly Building (W) for the perfor- 
mance of engineering confidence tests by the contractor and general 
checkout prior to delivery to the VAB for installation on the launch vehicle. 
The assembly area shall be environmentally controlled to the requirements 
of Federal Standard 209, Class 100,000 Clean Rooms. 

d. Test Equipment 

Checkout of the antenna is accomplished by means of the checkout console. 
Standard calibration and validation services are required for the quality 
control of this equipment. In addition, standard electrical/electronic test 
equipment will be required. 

e. Services 

(1) Fill and drain the nitrogen attitude control system. 

(2) Helium purge and pressurize the attitude control system. 

(3) Provide dry air in SLA when experiment is installed. 

~ 

5. FLIGHT OPERATIONAL REQUIREMENTS 

The antenna is an independent spacecraft operating in synchronous orbit. 
Initial operations are manned and typically controlled in orbit. Subsequently, 
operations are unmanned and automated for remote control by ground stations, 
as follows: 

Command control. 

Telemetry data acquisition. 

Data reduction and evaluation. 

The on-board systems are designed to be compatible with the MSFN and DSIF 
stations. 
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Special ground operation wiU include: 

EMENTS (Cont'd) 

a. 

b. 

C. 

d, 

e. 

Reduction of laser measuring unit,information. 

(1) Recommended mesh correction. 

(2) 

(3) 

Pattern, gain and noise tests, data reduction . 
(1) Evaluate data. 

(2) 

(3) 

Damage analysis team. 

(1) Review crew reports. 

(2) Recommend corrective action, 

Trans mission evaluation, 

Pointing test evaluation. 

Best f i t  parabola selection to bias tolerance. 

Direction to move feed to reach optimum focal point. 

Recommend reruns on dubious data. 

Direction of electric boresight of feed based on pattern measurements. 

6 ,  RECOVERY REQUIREMENTS 

None. Experiment is left in synchronous orbit with capability to be refurbished. 

7. DATA SUPPORT REQUIREMENTS 

No pre-flight data support is required except normal Apollo biomedical data. 
Computer analysis of the orbital data from the laser measurement unit of the 
antenna contour is required in real-time or near real-time. Similar real-time 
analysis of the pattern, gain noise, pointing, and transmission tests is required. 
Biomedical data taken throughout the experiment wiU be used to evaluate man's 
ability in space, and therefore, is part of the experiment, as well as required 
for normal safety procedures. 
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1, RELIABILI'TY FROGR 

a. Objectives 

The objectives of the reliability program are: 

(1) The key element of reliability in the experiment is to build in the 
capability of the crew to back up the automated systems. 

(2) Assure that effectiveness criteria involving reliability, operability, 
maintainability, system safety, survivability and quality are inte- 
grated into the system design at the drawing board level. 

(3) Provide quantitative and qualitative design goals for the above 
and measurements as to their achievement. 

(4) Involve effectiveness criteria in making design trade-off decisions 
and in formulating design concepts for mission effectiveness 
improvement. h t e rmine  where duplicate systems can be cost 
effective in the total system reliability. 

( 5 )  Assure that specifications for hardware development reflect 
attainable effectiveness requirements. 

b. Apportionment of Goals 

The overall goals of the antenna are apportioned to the subsystems 
primarily on the basis of known data. These goals are assigned to 
discrete design specifications and are to the various design teams 
involved. These goals are continuously refined to meet NASA require- 
ments as the program progresses. 

c. Failure Modes and Effects Analysis 

This analysis identifies the modes of failure of a function or hardware 
item and indicates the effect on the next higher function or  assembly 
and ultimately what happens to the system. Rate of occurrence, dura- 
tion of each occurrence, percentage of failed time and criticality of the 
failure are all identified. The mission is broken down into its functional 
phases where specific environments and operating use requirements can 
be established. The failure modes and effects are superimposed on this 
matrix and the gross effects on the mission are then quantitatively 
com bined, 

A typical example of cumulative reliability of each phase of the experi- 
ment is shown in Figure 1-17. With the experiment designed to use man 
in each phase, total reliability can be increased from 0.963 for an 
unmanned system to 0.998. Reliability for successful deployment of 
the feed and reflector is 0.988. Calculations are based on the results 
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DATA 
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Figure 1-17. Antenna Reliability 

of aircraft controls systems that use multiple pushrod hinged elements. 
Five year reliability is primarily diminished by the attitude control and 
power systems. Once deployed the reflector with insignificant meteoroid 
punctures and thermal coating degradation is relatively unchanged. 

d. Prediction Models 

Prediction models are used to provide periodic assessments of the pro- 
gram reliability. Current analytical computer routines that can handle 
series, parallel and mixed systems are used to predict reliability. 
This model is also used to test parameter sensitivities and to determine 
redundancy effects. 
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SECTION V - E ENT ENT APPROACH (Cont'd) 

e. Design Improvement Studies 

Design improvement studies are undertaken where deficiencies exist 
in the "ilities" which cannot be resolved by ordinary design means. 
Typically included are : 

(1) Environmental derating. 

(2) Alternate modes of operation. 

(3) Standardization. 

(4) Scheduling of activities. 

(5) Human factors. 

(6 )  Critical hazardous conditions. 

f. Design Reviews 

Design reviews are conducted to ensure that effectiveness elements are 
integrated into the design process, 

2. APPLICABLE PUBLICATIONS 

The following publications are used to the extent of their practicability. Mod- 
ifications to detailed requirements are included to prevent overlap and dupli- 
cation of effort: 

a. NPC 250-1 Reliability Program Provisions for Space System 
Contractors. 

b. NPC 200-2 Quality Program Provisions for Space System 
Contractors. 

C. MIL-S-38130 Safety Engineering of Systems and Associated 
Subsystems, and General Requirements for equip- 
ment. 

3. QUALIFICATION PROGRAM 

Qualification guidelines for the antenna and supporting subsys tems are contained 
tained in NASA publication NPC 500-10. The portions of this document relating 
to spacecraft, Saturn V and support hardware are presumed to be sufficient 
for the antenna. 
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4. TEST PLANS 

A summary of the test plan is included in the following list: 

L. COMPONENTS 
Refl. Structures 
Feed Structures 
EVA Aids 
Solar Panel 

1. SUBSYSTEMS 
TTC 
Power 
Attitude Control 
Feed Support 
Boost Phase Support 
Feed Module 
EVA Element 
Reflector 

Z. SYSTEMS 
Prototype Antenna 
Flight Antenna 

I 
i 

Y / x : x  
Y I / x i x  
Y / x / x  
Y , x : x  

I 
i 

# X  
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j X  
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! x  
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X 
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5 .  DOCUMENTATION 

The following documents are required to validate the reliability and quality 
assurance program : 
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a. Reliability operational model, 

b. Critical components list. 

c. 

d. Reliability test procedures. 

e. Reliability test reports. 

f .  Reliability assessments. 

g. Analytical study reports. 

Reliability test: outline and criteria. 
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1, RIMENT LOCATION 

Experiment location during launch is illustrated in Figure 1-18. Loads are 
carried through the booster adapter structure, antenna assembly FA-5, to the 
standard LM support points. Struts of this adapter run from these points to 
the dish substructure and the feed module. For the first 14 days in orbit, and 
after the separation and docking of the CSM to the antenna, interface between 
the antenna and the GM is through the electrical/mechanical dock. Supplemen- 
tary electronic/electrical umbilicals are brought out from the feed module 
and connected to the antenna control panel in the CM by the astronauts. The 
configuration in orbit is shown in Figure 1-19. 

There is no requirement for returning the experiment from orbit, however, 
exposed film and camera equipment will be returned. 

2. INSTALLATION AND STRUCTURAL MODIFICATIONS 

Installation of the antenna within the SLA is on the four standard LEM support 
points. Mechanical interfaces at this point will be designed as much as possible 
to use the existing SLA equipment without modification. Since subsequent 
separation of the antenna from the launch vehicle occurs, not at this interface 
but at the interface between the antenna booster adapter structure and the 
reflector and feed compartment attach points, some simplification of the 
mechanical interface may be practical. The antenna design approach is 
toward making the experiment self-sufficient to the extent that umbilicals and 
other electrical/electronic interface points are avoided if possible. Ground 
power, and a minimum of control signals will be provided for internal/external 
operations in the prelaunch environment. Radio lids will be used for status 
checks on the antenna systems. 

When docked to the antenna, an umbilical provides for life support in the feed 
compartment from the CSM. This life support interface, the mechanical dock, 
and an electrical connection will be made to the feed compartment with the 
initial docking of the CSM. This allows repetition of the pre-launch checks of 
antenna subsystems, and switching of power from external (CSM) to internal 
antenna. After the dock hatch is opened, an astronaut will bring out the nec- 
essary umbilicals for connection to the CSM control panel. This allows the 
overall control of the combined vehicles by the CSM command pilot, the other 
astronauts are occupied in EVA or  in the feed compartment. 

3. SPACECRAFT SUBSYSTEMS 

Modifications to the CSM to support the antenna are considered in the light of 
it being a separate and independent spacecraft. A s  such, it has on-board 
capabilities to accomplish all its operational functions - manned o r  unmanned. 
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FEED SUPPORT 

DISH SUPPORT 

CLEARANCE 

FEED MODULE 

SLA 

SOLAR PANELS 

Figure 1-18. Boost Phase Experiment Location 
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Figure 1-19, Orbit Configuration 
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Potential problem areas are summarized in the following list: 

DISCIPLINE INTERFACE PROBLEM POSSIBLE SOLUTION 

Dynamics Control matchings Limit gains in CSM ACS 
while attached to antenna 

Life Support Additional 0 2  + increased Add gas to experiment 
contaminates and temperature radiators to experiment 

Thermodynamics Solar heat flux reflected to Increase radiator size 
spacecraft radiators from 
antenna (3% to 4% increase) 

R F  Antenna experiment shadowing Relocate spacecraft antennas 
space craft antennas on reflector. Utilize antenna 

experiment for communications 
when others are shadowed. 

a. The dynamic interface centers about the slewing and movement of the antenna 
with the CSM docked. Three basic conditions must be investigated. 

Under normal operating conditions all slewing and moving operations are 
controlled through the antenna attitude control system. In this way no 
additional requirements are imposed on the CSM. 

Under abnormal conditions the CSM pilot must have a control capability 
through the CSM ACS. This requires that the gains in the CSM ACS be 
modified to limit its operations to safe rates for the antenna. This modi- 
fication must also be capable of being switched in o r  out on an as-needed 
basis. A more detailed analysis is necessary in the next phase of the pro- 
gram to determine the magnitude of the requirement. 

In an emergency condition, the CSM pilot must be able to over-ride both 
the CSM and antenna ACSs to the extent required to resolve the problem. 
He must also be able to de-energize the antenna system and undock 
immediately to establish normal gains and control over the CSM. 

These dynamic control capabilities are designed into the antenna control 
panel, which is installed in the CSM. 
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b. Shadowing of the CSM by the antenna (reflector and feed assemblies) 
results in a lower heat input to the heat dissipation system. Conversely, 
solar energy may be reflected from the antenna, o r  its internal dissipation 
may be radiated to the CSM resulting in an increase in the heat input to 
the CSM. The over-all effect is to increase the range of heat variations 
which the CSM system must be able to accommodate, Preliminary evalu- 
ation indicates that this affect is negligible and within the present radiator 
tolerance. 

Shadowing of the CSM antennas by the antenna occurs during a part of 
each orbit. The effectiveness of the CSM antennas is seriously restricted 
during this time, and astronaut communications with the control ground 
station may be interrupted. 

c. 

A voice center is included in the antenna to solve this problem. A sub- 
carrier oscillator is modulated by the voice input and its output is trans- 
mitted over the USB R F  link. 

d. Telemetry, Tracking and Command subsystems of the CSM require no 
modification. 

e. During the initial 14 day manned operations an electrical connection exists 
between the antenna and the CSM. This umbilical is used to provide the 
pilot crew member with flight control over the combined vehicles. A dis - 
play panel is located in the CSM to show status of the antenna subsystems. 
Power for the operation of this panel is carried through the umbilical from 
the antenn3 thus, no drain is imposed on the CSM power supply. Drain 
on the CSM power supply will result from : 

(1) Added CSM operations during the manned operations. 

(2) Additional pressurization cycles for manned access to the feed 
module. 

(3) Additional voice communications with the supporting ground station. 

(4) Additional data communications with the supporting ground station. 

Provisions have already been included in the CSM for some extended 
activity of this type. 

~ 

4. EXPERIMENT OPERATION 

Actual operation of the antenna is controlled from within the antenna itself. 
An auxiliary panel is included in the CSM to give the pilot astronaut some 
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operational control over the combined vehicle, especially for emergency con- 
ditions s The control panel includes : 

a. Typical power system displays including meters, indicator lights, and 
switches. 

b. Power on/off control over the antenna subsystems. 

c. Gain/feedback controls for the ACS of the combined CSM/antenna 
spacecraft. 

d. Emergency umbilical separation control. 

e. Communications interconnections. 

5. EXPERIMENT CONSTRAINTS 

The only identified constraints imposed by the antenna on the CSM relate to the 
attitude control/secondary propulsion subsys tems e These are required to 
separate the antenna from the launch vehicle and to insert it into its final orbit. 

This constraint is accommodated by: 

a. Installation of a LEM docking drogue on the antenna at the feed module. 

b. Increased capacity in the CSM propellant tankage. 

6. PRE AND POST LAUNCH SUPPORT 

a. Facilities 

All steps preceding the final assembly of the antenna can be ac omplished 
within facilities typically available at any aerospace contracto?s plant. 
Final assembly of the reflector, in the deployed position, Figure 1-20, 
requires a suitable air conditioned @ZoF) enclosure which can accommo- 
date the antenna. A clear space 140 ft. x 140 ft. is required with a ceil- 
ing of 60 ft. Furthermore, if ground RF  pattern tests are required, the 
enclosure must allow antenna elevation to an upright position. An  addi- 
tional support frame and elevation mechanism is then required. 

These facilities are provided in the usual way by anticipating the schedule 
need-date and designing and constructing them to be available at that time. 
A typical facility is illustrated in Figure 1-21. Since these requirements 
are reasonably conventional, major problems in their acquisition are not 
anticipated. 
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Figure 1-20. Fabrication Jig 

BOOM AND FEED SUPPORT STRUCTURE 

ASSEMBLY BUILDING 7 

' ELEVATION AXIS * 30' 

Figure 1-21. Fabrication and Test Facilities 
NASA FORM 1347 Jan 67 3 

1-69 



S ON VI - 

be Test Equipment 

Design and development of the required test equipment is unde 
the same time as that of the antenna. Preliminary efforts are 
identifying the required items, Detail design follows the design of the 
antenna subsystems so that their requirements and characteristics can 
be fully accommodated. Upon completion, the 
validated. Proof tests of the test equipment are accomplished with the 
subsystem breadboards and finally with the prototype spacecraft. These 
tests, not only verify that the test equipment is functioning satisfactorily, 
but also establish that the procedure is adequate. Integration of the fab- 
rication and test provides the minimum cost and schedule program. 
Figure 1-22 illustrates the proposed sequence. Four basic items are 
reflector, feed support, feed and electronic compartment and the boost 
and transportation pallet. Upon completion of the basic truss of the 
reflector and feed, the antenna will be assembled in the package condition. 
A fit check will be made in the pallet. A negator spring system will ride 
a trolley rail carrying the weight of each spider section and simulate 
zero gravity during deployment. The deployed antenna will then be 
vibrated to boost loading condition and the full flight sequence simulated. 
R F  testing will be performed on a scale antenna. A 30 to 50 mi. test 
range will be required for the full size antenna. A similar sequence of 
operations will be required on the flight antenna. 

t unit is calibrated and 

Figure 1-22. Fabrication and Test Sequence 
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C. Services 

Two basic services are required: 

(1) Battery charging. 

(2) ACS f i l l  and drain. 

Battery charging is accomplished with a charger unit consisting of the 
vehicleborne charging system packaged for ground operation. Input 
power to this unit consists of available 115 V a-c. 

A special f i l l  and drain unit will be designed and fabricated for the pur - 
pose of loading and off-loading the propellants in the attitude control 
subsystem. This same unit will also be designed to perform any purging 
and pressurization required. 

7. ASTRONAUT TRAINING EQUIMENT 

The three major pieces of astronaut training equipment are : 

a. TA-1 Neutral buoyancy test tank. 

b. TA-3 Orbital flight simulator. 

c. TA-4 Structural element. 

TA-1 and TA-2 may already have been designed and tested for other AAP 
experiments. If available, these will be used on an as-needed basis,. If not 
available, suitable units will be constructed either at the contractors facility 
or at a NASA facility. Operations will be scheduledonan as-needed basis to 
accommodate the flight schedule and the astronauts' Availability, The orbital 
flight simulator will be modified to simulate the feed/electronic compartment 
and its displays. TA-4 is a training aid which must be built specifically for 
the purpose of familiarizing the astronauts with the antenna hardware. This 
element will be fabricated early in the program to maximize its availability to 
the astronauts. 

Other units of astronaut training equipment consist of breadboards and prototype 
equipment which will be made available to the training program when their 
previous uses have been performed. 

8. SPECIAL SERVICES 

a. Communication Network Support 
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The TT&C subsystem of the antenna experiment is designed to be 
compatible with the MSFN and JXIF, Full-time support of the antenna 
will be required during the initial manned operations. Thereafter, 
support will be on an as -scheduled basis. 

b. Recovery Requirements 

None. 

c. Special Data Handling 

During the initial manned operations a series of contour measurements 
will be made with a laser measurement unit. This data is required to be 
handled in near real time, so that it is computer-processed on the ground 
and results of the evaluation (including a map of the contour) are trans- 
mitted to the flight crew for their evaluation, and corrective action, if 
any. Tradeoffs must be performed to determine if the equipment can be 
placed directly in the spacecraft o r  located on the ground and the data 
transmitted to a printer in the spacecraft. 

9. ASTRONAUT PERFORMANCE 

The first objective of this experiment is to determine man's capabilities to 
support a large electro/mechanical structure. Therefore, this experiment is 
designed to test astronaut abilities in a broad range of tasks. The present 
concept is based on the "Baseline Astronaut Capabilities" developed at MSFC 
and will constantly be updated as orbital experiments point up his abilities o r  
limitations. In the many tasks outlined in Section V-3 Astronaut Participation 
Plan, he is required to perform tasks that cannot, in most cases, be reasonably 
automated o r  serve as back up to automatic systems. Typically, mesh adjust- 
ment could be automated by a stepped motor at each spider with a selection 
system, but the weight, complexity and reliability are prohibitive compared 
to a manned adjustment. Visual examination of the antenna tells far more than 
any telemetered data. 

Astronaut capability to perform the adjustment and maintenance tasks, to make 
the electrical connections, and to manually propel himself from place to place 
on the antenna structure will be limited to a large degree by the mobility and 
dexterity afforded by the space suit  assembly. A modified version of the Litton 
RX-3 or  -4 (if available) for earth orbital missions by 1970 should be considered 
as an alternative to the Apollo A-6-L/TMG, to provide the astronaut the greatest 
possible mobility, dexterity, and environmental protection. A comparison of 
the two present soft and hard suits is summarized in Figure 1-23. It is expected 
that the modified versions will exceed these capabilities. 

,For inspection of the antenna package, the EV astronaut requires a 60 ft.  tether 
line to the spacecraft. The requirement for a stabilized propulsion unit does not 

FORM 1347 Jan 67 3 

1-72 



SECTION VI - INTEGRATION APPROACH (Cont'd) 
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Figure 1-23. Spacesu-: 
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appear to be critical for this task. A hand-held jet gun o r  a foot-or-waist- 
mounted propulsion device may be adequate. A reel-out rigidized tether 
should be considered as a possible alternative. 

For astronaut inspection of the deployed antenna, maneuvering by fixed o r  
portable handholds appears acceptable. For the adjustment tasks, the astro- 
naut requires worksite anchoring. Two -point contact, rigidized, and adjustable 
waist tethers ("window-washer" type) presently appear to be the optimum 
solution to provide maximum crew effectiveness. These could be secured to 
the spider members which can support the inertial forces without damage. 

10. REAL TIME FLIGHT OPERATIONAL SUPPORT 

a. Telemetry Data 

Real time handling, computer processing and plotting is required to 
support contour data from the LMU. 
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SECTION v3[ - INTEGRATION APPROACH (Cont'd) 

b. Command Data Uplink 

The command data uplink is compatible with the Unified S-Band system 
used in the Apollo program. Real time support will not be required 
during the initial manned operations. Subsequent requirements will 
be on an as-scheduled basis. 

c. Vocie Data 

In addition to the usual voice data required during the launch operations 
voice data will be required, as follows: 

NASA/MSC to MSFN ground station, during the initial manned 
operations -- 14 days, minimum. 

NASA/MCC-H to MSFN ground station, during the initial manned 
operations -- 14 days, minimum. 

NASA/MCC-H to MSFN ground station, during subsequent unmanned 
operations -- as scheduled. 

NASA/MSC-H to antenna experiment, during initial manned 
operations and subsequent resupply manned operations. 

d. Special Requirements 

None. 
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NFOR ON 

6.  MANPOWER 

A In-House Manpower 

Approximately 1/4 of the contractor effort as required to support the 
antenna program. 

b. Contractor Manpower (In man-years) 

FY 1 FY2 FY3 FY4 TOTAL 

30.7 193.1 186.0 69.0 478.8 

7. FACILITIES 

Detail parts fabrication for the parabolic antenna experiment requires only 
standard machine shop and sheet metal equipment well within the capabilities 
of most aerospace contractors. 

Assembly of the 100 ft. parabolic reflector within acceptable mechanical 
tolerances requires a temperature-stabilized environment. In addition to 
final assembly, the facility must also provide for normal accessibility for 
component installation and replacement, for adjustments, subsystems tests, 
calibration, validation, and systems tests, including: 

a. Simulated zero-g deployment tests. 

b. RF pattern measurements tests. 

c, Acceptance tests. 

This facility consists of a pit (part excavated, part fill around the perimeter) 
with roll -away enclosure sections. The enclosure sections constitute the 
roof and over-the-ground walls for the complete building. This approach 
utilizes the inherent temperature stability of the earth by having all assembly 
operations completed below ground level. RF pattern measurements are made 
by opening the enclosures and elevating the antenna and support cradle to an  
upright position. 

Size is: 120 x 140 ft. minimum floor area; 60 ft, truss height, above the 
ground, 20 ft. pit depth. 
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8, EXPE 

a, Data Retrieval 

Data from the experiment spacecraft is transmitted directly to the ground 
station from the spacecraft. The on-board data processing subsystem 
is a Unified S-Band system which is designed to be compatible with the 
MSFN and DSIF ground stations. Two data retrieval situations arise: 

(1) In the initial manned operations around-the-clock ground station 
coverage of 10 min. duration per hour is required to support the 
astronaut activities. Also, the initial contour measurements made 
with the laser measurement unit require real time or near real time 
data processing on the ground to provide the flight crew with contour 
maps from which corrective action requirements can be determined. 
For  this, a special computer program is developed for processing 
the data at the control ground station. The principal investigator 
is required to be a t  that station during these operations to participate 
in the data evaluation. The remaining telemetered data is processed 
in the normal manner - received, recorded, logged, stored and 
forwarded to the principal investigator through the usual channels. 
The initial pattern measurements require fu l l  ground station cover- 
age for 24-hour periods to develop data for the complete radiation 
sphere. 

(2) Subsequent unmanned operations are automated for remote control 
by an available ground station. This data is then handled on an as- 
scheduled basis. It is received, recorded, logged, stored and 
forwarded to the principal investigator through the usual channels. 

b. Technical Reports 

(1) Quick Look 

(a) A "Quick Look" report is required to present data and results 
of the launch, ascent trajectory and initial injection operations. 

(b) Antenna Contour. The initial laser measurement unit data 
is computer-analyzed and plotted for retransmission to the 
antenna spacecraft. This same data is printed out (in the 
plot form) and used to provide a quick-look report on the 
status of the antenna. 
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FORMATION (C ont 'd) 

(c) Pattern Measurements. A quick-look review of the initial 
pattern measurement data is presented. 

(d) Gain Measurements. A quick-look review is also made of 
the initial gain measurement data. 

(2) Data Reports 

Flight Report. A l l  of the data from the launch through final 
orbit injection is accumulated, processed, analyzed and 
evaluated. Results are published in a flight report. 

Manned Operations Report. All of the data from injection 
through the termination of the manned activities is accumulated, 
processed, analyzed and evaluated. Results are published in 
this report which not only include the objective data analysis, 
but also include the subjective observations of the flight crew. 

Unmanned Operations Report. The remaining unmanned 
operations are reported on by yearly increments, 

Final Report. At the end of the 5-year program, all previous 
reports are accumulated and summarized in one report. This 
report officially terminates the antenna spacecraft program. 

(3) Preliminary Analysis 

All preliminary analyses (thermal, dynamic, stress, etc. ) performed 
in support of the spacecraft design are made into technology reports 
and/or appendices in support of antenna spacecraft subsystem 
reports, 

(4) Technical Notes 

Engineering notebooks are maintained by each member of the engineer - 
ing staff. Excerpts from these books are accumulated into technical 
notes, as warranted by their merit. 

c. Release of Technical Information 

(1) Headquarters 

Headquarters sponsoring offices are included in the routine dis - 
tribution of all technical reports. 
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RA ON (Cont'd) 

(2) News Media 

At the present time, the antenna spacecraft does not encompass 
any area of restricted information, technological or otherwise. 
Release of data to the news media is then dictated by good public 
relations consideration and by general interest, Release of this 
data is presumed to be the responsibility of the cognizant NASA 
center as amended by directives from NASA Headquarters. 

(3) Scientific and Technical Community 

Release of data to the scientific and technical community is ac- 
complished through the established STAR, C-STAR, IAA, and DDC 
reporting sys tems. 

Special distributions may be dictated by the cognizant NASA center 
and by the Headquarters sponsoring program office, 
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This sect ion should designate the elements a t  the Payload Integration Center 
(PIC) and the Experiment Development Center (EDC) responsible for  the develop 
ment and implementation of the experiment. Further, it should ident i fy  the 
relationship between the PIC, EDC, the  pr incipal  investigator and a l l  other 
organizations including contractors involved i n  implementation of the experi- 
ment. A diagram de ta i l ing  th i s  management s t ructure  should be included, Specific 
areas t o  be covered include: 

a. Assignment of experiment management responsibi l i ty  i n  terms of i t s  Systems, 
subsystems and f l i g h t  objectives. 

b. A description of the management organization f o r  the experiment. Clearly 
indicate the individuals t o  be assigned responsibi l i ty  f o r  management, and 
ident i fy  t h e i r  l ines  of authority and responsibi l i ty  and any specif ic  
authority l imitations.  

C. A description of the responsibi l i t ies  and relationships t o  NASA of any ex- 
t e rna l  organizations involved i n  the experiment. 

d. A description of any permanent advisory bodies, such as  standing committees 
and evaluation groups. 

e, An assessment of possible international. requirements of the experiment o r  
opportunities f o r  internat ional  cooperation, s t a t ing  whether o r  not exis t -  
ing overseas f a c i l i t i e s  are l ikely t o  be used o r  additional f a c i l i t i e s  
needed, Describe support of any kind by foreign organisations or  govern- 
ments which w i l l  be advantageous. 

2. MANAGEh4l2NT REPOfirING 

Provide a description of the procedures t o  be used i n  reporting s t a tus  of the 
experiment implementation, Ident i fy  the pr incipal  reports t o  be prepared and 
describe t h e i r  nature, frequency and distribution, Include reports used a t  the 
in s t a l l a t ion  l eve l  t o  manage program ef for t  between a l l  Centers and organiza- 
t ions including contractors, 
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r ize  necessary procurement plan arrangements and procure- 
ment ac t iv i ty  as  follows: 

WORK STATEMENT 
EXPERIMENT PHASE COMPLETE 

a. L i s t  each planned contract o r  subcontract e f f o r t  fo r  each phase of the 
expe rim nt  e 

RFP ' AWARD SUBCONTRACT 
RELEASE CONTRACT REVIEW COMPLETE 

b. L i s t  the planned schedule f o r  each procurement activity.  

6. Provide the following information re la t ive  t o  experiment hardware contract 
act ivi ty .  

Role of. the  Principal Investigator (P I )  as  prime contractor o r  tech- 
n ica l  consultant. 
Capability of the P I I S  i n s t i t u t ion  t o  manage the work involved. 
Willingness of the P I  t o  enter ta in  competitive procurement i n  hi6 
hardware development e f f o r t s  . 
Provisions fo r  providing requirements of hardware commonality between 
previously qualified f l i g h t  hardware and that which is  now proposed. 
Provisions f o r  providing the interface requirements of the proposed 
experiment hardware and other experiments contained i n  the c o m n  
payload package ( i f  applicable). 
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5 ,  FUNDING RJQUI  TS 

frovide the funding requirements of the experiment by quarter as  in( icated on 
the following page ( Quarterly Funding Requirements). The t o t a l  f inds necessary 
f o r  completion of the experiment w i l l  be estimated, both f o r  in-house and con- 
t r ac t  effor t .  The funding should be broken in to  the areas indicated on the 
sheet and should ident i fy  the source of funding for  each area, The amunt of 
d e t a i l  and the  select ion of elements of work breakdown and cost categories t o  
be used w i l l  depend upon the complexity and par t icular  nature of the experi- 
ment; however, the general objectives of the fund estimate presentation should 
be t o  f a c i l i t a t e  validation of the completeness and reasonableness of the fund 
estimate, as  well a s  t o  provide a h i s to r i ca l  point of departure fo r  meaningful 
revision of fund estimates as experiment assumptions and/or pricing factors  
change. 
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11.1 S ~ ~ ~ Y ~  
space erectable concepts with specific application to a 100 ft ,  diameter paraboloid 
operating in synchronous orbit. The parabolic antenna was selected as a promising 
antenna concept during the first  phase of the study and then developed into an AAP 
experiment during the latter phase of the program, Conducted within the framework 
of the AAP program, antenna deployment and measurement completion probability 
are greatly enhanced by the presence of the astronaut who will serve as a limited 
back-up for the automated deployment sys tems, make instrumentation equipment 
checks and calibrations, connect spare instrumentation components, make celestial 
observations for pointing operations, initiated scanning maneuvers, monitor experi- 
ment progress, and initiate alternate experiment procedures if failures occur. The 
RF measurements described ,comprise a portion of the overall experiment. 

This report consists of general pattern measurement concepts for 

There are many potential applications for the space erectable antenna including 
voice communication, TV and voice broadcast, navigation, air traffic control, and 
orbiting relay satellites e Operational R F  systems will require verification of antenna 
parameters such as gain, beam pattern sidelobe level, and electrical axis stability 
before the overall design can be finalized. The lightweight structure designed for the 
near zero- g environment along with the extreme pattern range distance requirements 
limit the reliability and feasibility of earth tests, making comprehensive space test- 
ing necessary. 

A number of considerations influence the RF tests such as orbital altitude, source 
location, spacecraft steering capability, measurement bit rate, angular measurement 
resolution, and antenna structural rigidity, 

Along with most other large antenna structures, the 100 ft. diameter paraboloid in 
this experiment is best suited for synchronous orbit. There is continuous ground 
source visibility; data transfer and processing is facilitated; orbital motion can be 
utilized for one pattern coordinate angular change; orbital rates are sufficiently low 
to allow use of low torque auxiliary attitude control units; steering maneuvers are 
simplified; and the antenna is evaluated in the most likely operational orbit. 

If required to test at a lower orbit (300 mi. ) by booster contraints o r  other operational 
constraints, testing is best accomplished with an R F  satellite source deployed from 
the parent spacecraft. Although more costly in terms of special instrumentation and 
satellite deployment complexity, it is preferred over the low -orbit-ground-source 
configuration because of continuous source visibility, greater quantity of recorded I 
data, and efficient utilization of experiment time. 

Of the various sources considered (earth-based, stellar, R F  satellite, lunar -based), 
a ground station has the obvious advantages of experiment flexibility, polarization 
and radiated power control, frequency control, extensive instrumentation facilities, 
environmental control and is easily maintained. However, as indicated above, 
severe measurement limitations are encountered in the low application. Operational 
time is limited to approximately 20 minutes per day (two consectuvie passes in a 24 
hour period at 10 minutes each), Within these time constraintss, only limited pattern 
measurements can be conducted generating approximately 70% of the significant 
data required for complete evaluation of antenna performance. Exceptions are large, 
but low-gain antenna structures having relatively broad beam patterns (loo) not 
requiring small angular sampling increments 
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Selected steering ;..:neuve;*s for space antenna pattern measurements are those 
generating spiral scans and great circle sweeps over the radiation sphere. Angular 
changes for pattern recordings are generated by two effects, orbital motion and 
spacecraft attitude changes induced by control devices, An independent attitude 
control system (ACS) is designed into the antenna experiment utilizing cold gas 
engines and an inertia wheel system. The angular momentum units are effective 
attitude control devices for pattern mapping at synchronous altitudes where steering 
rates are  small. They are used in this experiment to generate a fine spi 
about the antenna axis ( f 1. So) for boresight, focusing, and detailed mainlobe and 
sidelobe data. Combinations of RCS induced spin rates and orbital motion are used 
to generate a more coarse spiral trace over the radiation sphere. Inertia wheels 
are also used for most of the noise temperature measurements to create the slow 
angular drift rates required. 

Pattern measurement bit rates can be tailored somewhat by slowing the scan rate 
and increasing the experiment time. Rates for this experiment are one-fourth the 
normal Apollo rate of 51.2 kilobits per sec. 

An experiment plan is detailed for the 100 ft. antenna based on the above optimizations. 
Pattern, gain, and noise temperature measurements are described for three operating 
frequencies, 0.1, 1.0, and 6.0 GHz. To conserve experiment time, patterns are 
recorded simultaneously for the two upper frequencies, A feed change is required to 
operate at the lowest frequency. When the beamwidth is less than one degree, con- 
siderable experiment time is required to map the pattern over the radiation sphere. 
Compromises are made in this experiment when testing. at 6 GHZ by recording the 
pattern in fine detail about the main lobe (k 1.5O) and taking coarse samples 
(approximately two beamwidths) over the remaining portion of the pattern. 

Noise temperature measurements require more sensitive instrumentation but are less 
taxing on the spacecraft attitude control system and measurement bit rate since slow 
drift rates and small sampling rates are involved. 

Astronaut participation in pattern measurement experimental activity includes : 

a. Calibration of electronic equipment by functional switches, amplitude 
control, and visual observation. 

b. Alignment and periodic updating of the inertial measuring unit from celestial 
observations 

C. Check out of R F  instrumentation and spare unit installation. 

d. Manual feed deployment if automated mechanism fails. 

e. Make final feed adjustment based on boresight pattern data. 

f. Monitor data and log comments during experiment. 

g o  Boresight optical trackers to mechanical pointing axis. 

h. Maneuver spacecraft to point at stationary and earth based targets. 
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i. Align pointing axis to initial scan position and realign periodically as discrete 
angular pattern sectors are covered. 

j. Initiate and stop scanning motions. 

k. Aid in target acquisition by monitoring amplitude of detected R F  signals 
and by making visual observations. 

1. Initiate alternate measurement procedures if failures occur. 

m. Making final equipment checks and connections for unmanned mode of operation. 

11.2 MEASUREMENT REQUIREMENTS. 
proof of its performance capabilities requires that as much of the pattern of i ts  

'The complete testing of any antenna for 

relative radiation intensity distribution be determined as possible. This measure - 
ment provides information regarding the directivity of the antenna and its relative 
gain as a function of direction. An absolute gain measurement is required if the 
efficiency is questionable and undeterminable otherwise. The pattern and gain 
measurements provide all the necessary antenna parameters for the R F  system 
analysis when the receiver noise temperature is much higher than the antenna noise 
temperature. Since several known applications of space antennas require operation 
with low noise receivers, noise temperature measurement of space antennas is also 
required. Electrical stability and mechanical stability of the circuitry and the struc- 
ture are not completely separable since the mechanical configuration of the structure 
has measurable, but not necessarily predictable, influences on the electrical per - 
formance as an antenna. Since the antenna systems will be subject to dynamic 
stresses and electrical variations during operations, electrical and mechanical 
stability measurements are required to determine their influences on the antenna R F  
performance. These influences are usually most obvious as changes in  pointing 
direction of the beam o r  as small changes in gain. While change in beam direction 
can be detected by the pattern measurements indicated above, it is usually simpler 
and faster to measure the angle of the beam off the mechanical axis (boresighting) 
and compare this angle with that of the unstressed antenna. 

11.2.1 Pattern Measurement Concepts. Line -of -sight changes to various sources 
with respect to an antenna axis fixed in inertial space are illustrated in Figure 11-1 
for low and synchronous orbits, and the effects are summarized in Table II-1. 
Several conclusions are: 

a. There is negligible angular motion between the fixed antenna axis and 
quasistationary sources far removed from earth. 

The R F  satellite line-of-sight changes at the rate of 360' per period of 
revolution. In this instance, the satellite is in the same orbit as the test 
antenna. Orbital angular rates are governed by the orbital altitude. 

b. 

C. Directional changes to the ground station with respect to the fixed antenna 
axis vary from small values at the horizon to maximum values a t  nadir. 
Rates also depend on altitude, At synchronous altitudes, directional rates 
to ground station are the same as to the in'orbit satellite. 

l3y spinning the antenna, the full radiation pattern may be developed. Spacecraft 
generated angular spin rates are limited by maximum allowable acceleration values. 
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experimental antenna 

square root of the g-loading 
The 25 deg/sec, rate is the 
hardware constraint. When not limited 
by the recording bit rate, mziximum 
angular rates, in the plane of the 
reflector are desirable to reduce pat- 
tern recording time. 

11.2.1.1 Beamwidth Considerations. 
A variable having significant influence 
on the pattern measurement scheme 
is the antenna beamwidth. As suggested 
in Figure 11-2, antenna beamwidths for 
space antenna application fal l  into three 
categories, broad o r  "hemispherical" 
coverage, limited area coverage, and 
transmission to a single point. Decreas- 

complexity by requiring a higher pattern 
sampling density, increased angular 
resolution for direction angles, greater 
dynamic range for the relative field 
intensity recordings, more experiment 
time, and places greater demands on the 
attitude control sys tem. 

Q An- b Lcn orb11 

Rt MTELLITE AT FIXED 
INSTANCE IN SAME DRBIT 

ing beamwidths increase measurement @) Alllmlu Io syllcnrmolu -11 

Fig. 11-1. Changes in Line of Sight to R F  
Targets with Respect to Fixed 
Antenna Orientation for Low and 
Synchronous Orbit 

ANTENNA 200 MILE 
ORBIT 

Negligible (Insufficient 
for Pattern Sweep Rate) 

Variable, Maximum at 
Nadir 

Same as Orbital Rate, 
0.065 deg. /sec. 

Investigation of the parameters of the 100 ft. diameter parabolid indicates a useful 
frequency range of 100 MHz to about 6 GHz. The beamwidths vary from 7O to 0.12' 
range of frequencies as shown in Figure 11-3. This is of significance because field 
intensity or  voltage measurements must be made at intervals approaching 1/4 

ANTENNA SYNCHRONOUS 
ORBIT 

Negligible (Insufficient for 
Pattern Sweep Rate) 

Same as Orbital Rate, 0.0041 
deg, Jsec. 

Same as Orbital Rate, 
0.0041 deg. /'set. 

Table 11-1. Relative Angular Velocity Between Antenna Axis and Source with Antenna 
Axis Fixed in Inertial Space 

;OURCE LOCATION 

Radio Star, 
Lunar Station, 
Deep Space Probe 

Ground 

In-o rbit 
Satellite 
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beamwidth in a cut across the beam to measure enough points in the beam pattern to 
adequately approximate its shape. Using this criterion, at 6 GHz the angular separation 
between measurement points would have to be 0.12/4 = 0.030 1.8 minutes of arc, 
or  10.2 minutes of arc at 1 GHz, or 1.7O at 0.1 GHz. 

3 10 - 100 1,000 10,000 100,000 
FREQUENCY (MHz) 

Figure 11-2. Antenna Beamwidth and Size Requirements for Hemispherical and 
Limited Area Coverage 

Thus, at 6 GHz it would be necessary to 
sample about 3 to 4 times per sec. to 
obtain a great circle pattern measure- 
ment of the beam pattern from 200 mi. 
orbit using orbital motion to scan the 
pattern. Whereas at 1 GHz, one sample 
every 2.5 sec. would suffice to provide 
the same type of pattern measurement. 
Thus, if frequencies near 6 GHz are to 
be used, the pointing system must be 
capable of pointing to about 0. OS0 and 
the angle measurements must be accu- 
rate to about 0.02' to insure adequate 
beam shape and position measurement. 
This is well within the range of existing 
sensors and control systems. 

II. 2.1.2 Radiation Pattern Measure - - ments. The radiation pattern is the 
most basic characteristic of an antenna 
as a system component; the measure- 
ment of the pattern 

FREQUENCY IN GHz 

Figure 11-3. 100 Ft. Paraboloid Antenna 
Beamwidth as a Function of 
Frequency 
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consists of determining the relative 
antenna radiation intensity and the direc- 
tion at which this intensity occurs. Two 
orthogonal polarization components of 
relative power density o r  electric field 
intensity and two corresponding direc- 
tion angles in orthogonal components 
are measured at each pattern point to 
describe the pattern completely. 
Figure 11-4 shows a basic field intensity 
that is applicable to perform the measure- 

STANDARD IDURCE U3CATWNB 
EABTll 
LUSORBIT 
SEPARATE OR= 

Figure 11-4. Gain and Beam Pattern 
Measurement 

I PROJECTION OF fi 

ment elrperiment. ?;he angle measuring 
system will vary with the angular resolu- 
tion required to describe the pattern of 
a given antenna (smaller resolution 
requirements increase cost), A stand- 
a rd  right-hand coordinate system to 
which most pattern data will be trans - 
formed for evaluation is shown in 
Figure 11-5. 

Earth based ranges normally consist 
of a fiAed source, test antenna, and 
test antenna angular positioner having 
two orthogonal axes of rotation. Sys- 
tematic rotation of the test antenna over 
discrete values of one angular coordinate 
and variable values of the second 
coordinate generates sufficient sample 
points to determine major -lobe and 
fine structure of the radiation pattern. 

Pattern measurements of orbital antennas 
require modification of these techniques 
because of the relative motion between 

WTfl REFERENCE 

SAMPLE POMT 

\ ANTENNA 

RP IIOURCE 
OR RECENINO 
STATION 

Figure 11-5. Pattern Coordinate System 
the angular positioner (spacecraft attitude 
control mechanism) and the source. Reaction control systems and inertia wheels 
effect angular rates in two directions. Relative motion between spacecraft and 
source will also generate angular coordinate changes. Combinations of these effects 
can be used for generation of angular rates in the two coordinates of the pattern 
measurement. When possible, it is desirable to use the relative angular rate due to 
orbital motion. Not only is this a "free" rate, but it avoids creation of two orthogonal 
angular momentum vectors to sweep the antenna over the radiation sphere. 

Effective use of the orbital rate along with the entire pattern recording depends on a 
number of parameters such as source location, orbital altitude, antenna size, maximum 
allowable spin rates, pattern resolution, and measurement frequency. 

The antenna pattern measurements will be accomplished by determination of three 
quantities at many points on the radiation sphere. These are: 

a. Relative electric field intensity over a dynamic range of 40 db, which will 
permit determination of the most important sidelobe influences, to an accuracy 
of f 0.5 db, 
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b. Theta (@) (Figure 11-4, reference over a range of 180' o r  less to an accuracy 
of f 0,020. 

C. Phi @) (Figure 11-4, reference) over a range of 360' to an accuracy of f 0.02°. 

Angular accuracy requirements are dictated by the antenna beamwidth under investiga- 
tion. 

11.2.2 Measurement of Absolute Gain. The measurement of the absolute gain of the 
space erectable antenna will be accomplished by comparing its received o r  transmitted 
signal level with that received o r  transmitted by a calibrated standard gain antenna 
operating at the same frequency - where such a standard is available and practical to 
mount on the space vehicle with the space erectable antenna. During operation in this 
mode, patterns of both the space-erectable and standard-gain antennas will be mapped 
simultaneously so that the pattern peaks or  both may be determined. Both receiving 
systems will be compared using a common signal generator so that the differential 
effects of transmission line components can be accounted for in calculations of the 
absolute gain. 

Figure 11-6 shows the spacecraft equipment arrangement to determine the absolute gain 
when the transmitting source is on-board the spacecraft and field intensity is measured 
at ground stations. When operating under this configuration, the gain comparison is 
accomplished by switches from the standard gain antenna to the space erectable antenna 
as the patterns pass over the ground stations. Transmission line calibrations account 
for difference in transmission lines. 

SPACE ERECTABLE 
ANTENNA 

STANDARD GAIN 
ANTENNA 

Figure 11-6. Equipment Arrangement for Absolute Gain Measure- 
ment, Satellite Transmitting to Ground 

Gain measurements can be used to estimate surface tolerance of parabolic antennas 
in accordance with Ruze (Reference 11-1) by taking measurements over a wide band of 
frequencies. In logarithmic terms, the gain expression can be written as 

G (decibels) = 10 logy ( T D ) ~  - k .34  ( 4 a ~ ) ~  X i] 
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Where 

G = Measured Gain 

= Operatingwavelength 
GX2 

77 = Efficiency 

D = Diameter 

= RMS Surface Tolerance 

When experimental measurements are 
plotted on semilog paper (G X 2 vs 
l /h  2) as indicated in  Figure 11-7, two 
parameters can be estimated within the 

slope. Gain measurements at the 
different frequencies should be taken 
for feeds of same efficiency. (If feed Figure 11-7. Surface Tolerance and 
efficiencies are different, ratios must 
be known. ) Gain Measurements 

Efficiency Derivation from 

Antenna gain measurements require an additional measurement of relative field 
intensity through the standard gain antenna and correlation with the angular position 
measurements as performed in the pattern measurement. The field intensity mea- 
surement accuracy must be the same as for the pattern measurement over a dynamic 
range of 6 db and the test antenna circuit must be calibrated against the standard gain 
antenna circuit with a power meter o r  signal generator. At least three widely separated 
frequenices are required to estimate efficiency and surface tolerance from R F  measure- 
ments. These frequencies, subject to allocation should be around 0.1, 1 a d 6 GHz for 
the 100 ft. antenna with surface inaccuracies in the order of one part in 10 f . 
11.2.3 Boresight Measurements. The techniques and equipment required for ,boresight 
measurements are the same as required for pattern measurements except that the 
measurements are confined to the radiation area near the main antenna beam and the 
antenna mechanical axis and are only made in sufficient detail to locate the antenna 
beam axis with respect to the mechanical axis. This pattern data is used as necessary 
to provide for feed adjustment, pointing calibration (or pointing error bias) and rapid 
estimation of mechanical adjustments for gain improvement. It is an important mea- 
surement when a large, narrow-beam antenna is involved to provide a precise location 
of the radiation beam with respect to the mechanical axis. Because of the relative 
speed and simplicity of the measurements and the possible use of stellar noise sources 
to determine boresight error ,  these measurements represent one possible way of 
measuring the mechanical stability reduction caused by thermal effects. 

11.2.3.1 Electrical Stability. Except for the effects that switching, connecting and 
disconnecting the antennas might have on transmission line performance, the electrical 
stability of the paraboloid depends only upon the mechanical stability and structural 
integrity. 
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Once an adequate radiation distribution plot of the antenna pattern has been established, 
i t  may be possible to evaluate the electrical effects of some mechanical distortions. 
Distortions may be detected by slewing the antennas vigorously through known sections 
of the pattern while measuring the pattern and the mechanical distortion of key struc- 
tural members simultaneously. The pattern obtained is then compared with a model 
test established patterns for distortion effects. Thermal distortions will be evaluated 
by plotting patterns while the antennas are in a position relative to the sun that will 
produce as high a differential structure heating between members as possible. Temp- 
erature sensors in key structural members will provide data enabling evaluation of 
thermal distortions for correlation with observed pattern changes. 

11.2.3.2 Mechanical Stability. Measuring mechanical stability of the antenna struc- 
tures will be done by instrumenting key and representative structural members with 
strain o r  elongation sensors and temperature sensors from which information can be 
recorded and telemetered to a ground station for correlation and analysis. Laser 
measuring unit test will determine tolerances at various sun to antenna positions. 

Certain electrical measurements are possible to detect more gross distortions of 
structural members and the consequent deflections of the antenna aperture surface. 
These measurements are relatively complicated and expensive and are probably not 
as sensitive or  revealing as the mechanical measurements indicated above or  as a 
simple visual inspection by an astronaut. However, once the correlations between 
structural distortions, heam deviations, and gain loss have been established by 
experiment, the results can be used to estimate structural deflections in similar 
antennas by measurement of the antenna beam shift and gain loss under conditions of 
mechanical stress due to differential heating or  mechanical forces. 

Since this method of determining the beam shift and Ruze's method of determining the 
surface tolerance require a considerable amount of operating time to evaluate one 
condition, neither is really adaptable to a measurement of stability over a short time 
period nor to evaluation of a performance change due to a heating distortion o r  a 
mechanical distortion created by vehicle movement. A continued maintenance of a 
particular mechanical stress would be impractical for the several hours required to 
complete either type of measurement. For the mechanical stability measurement then 
it is proposed to instrument structural members and make continuous measurements 
while maintaining pointing to f 0.05'. However, it is practical to maintain particular 
thermal stresses if one uses the sun as the source of heating and other stellar R F  
noise sources to measure the antenna boresight error .  In this way, because of the 
fact that the sun and other stellar sources maintain relatively constant angular positions 
with respect to one another, the sun can be used to find the undistorted reflector bore- 
sight e r r o r  and then can be used to create differential heating in the truss frame by 
checking the boresight e r ro r  against other stellar sources at various known angular 
separation from the sun. The small angular motion required for the boresight mea- 
surements would not cause appreciable changes in the solar heating of the truss. 

Equipment, range and accuracy requirements of proposed boresight measurelments are 
the same as for the pattern measurement experiments. 

11.2.4 Noise Temperature Measurements. This measurement, in essence, is the corn - 
parison of R F  noise level as received by the antenna with a calibrated standard noise 
generator. The schematic diagram in Figure11-8 illustrates the proposed equipment 
layout for the space erectable antenna experiment. The switch shown will permit 
switching among the antenna, noise generator, and a matched load. The- purpose of the 
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ANGLE AND NOISE 
TEMPERATURE DATA 

NOISE SOURCES 

COSMIC 
SOLAR 
EARTH 
MOON 
RADIO STARS 

Figure 11-8. Noise Temperature Measurement 

load is to permit measurement of the noise generated by all circuit elements other 
than the antenna to derive the antenna generated and received noise. 

The resulting data represent the noise temperature of the antenna in an operating 
environment which is a function of the antenna pointing direction. The proposed test 
examines many pointing directions including one or  more sweeps of the antenna beam 
through the galactic plane, and toward the sun, moon, earth, and "hottest" radio stars 
and "cold" areas of the celestial sphere. 
The spin applied to sweep the beam through 
the plane of the galaxy will be at a rate of 
0.01 to 0.4 deg./sec. with the slight 
changes of scanplane after each complete 
sweep. In this way most of the noisy area 
of the sky can be scanned in a relatively 
short time, When the scan described is 
completed, the antenna will be pointed 
toward a "cold" area of the sky to deter- 
mine a "minimum" noise temperature for 
the antenna. 

Several noise sources are shown in 
Figure 11-9 to indicate expected variation 
in noise temperature amplitude with fre- 
quency. In general, the purposes of this 
experiment will be met if the measure- 
ments can provide noise temperatures 
over a range of 200 through IO,OOOOK 
with accuracy to three significant figures. 
Angle measurements and pointing accuracy 
requirements will be the same as for 
pattern measurements o r  boresighting. 

WAVELENGTH (meters) 

FREQUENCY, (MHz) 

Figure 11-9. Noise Source Signal Variation 
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II.3 RF SOURCES FOR e usual systems for measuring 
antenna patterns, boresight error,  and gain a re  composed of an RF radiating source, its 
antenna (which may be the test antenna), an RF receiving and recording system, clear 
space between which is sufficient to allow the measurements to be made in the far o r  
Fraunhofer field region, and means for correlating the angular position of the untested 
antenna in an appropriate coordinate system centered at the test antenna with the radio 

]field intensity recorded at the receiver. The theorem of reciprocity allows the use of 
the test antenna as a receiver o r  transmitter antenna without alteration or compromise 
of its pattern or  gain characteristics so that the choice is purely one of convenience of 
experiment performance o r  economics. The separation of the antennas from the source 
is required to be 

A D2 - = 2 3 -  x 
O r  = 2 (D1)2, 

Where: 

a 

x 
D 

a ’  
D’ 

= The separation distance in metric units 

= Wavelength in the same metric units 

= The antenna maximum dimension in the same units 

= Separation in wavelengths 

= Antenna dimension in wavelengths 

for the measurements to be made in the Fraunhofer zone. A plot of 4 ’ vs D ’ is shown 
in Figure II-10. The estimated maximum gain frequency of the 100 ft. parabolic 
antenna is in the order of 7.8 GHz. A t  this frequency, the minimum separation distance, 
A ,  in feet is 

a =  (100)2- -- x l o4  = 15.9 x l o 4  ft. cy 26.2 n.mi. .126 ,126 - 

This is a greater separation distance than can normally be accommodated on the earth’s 
surface because of its curvature and the effects of reflection from the non-planar 
surface on the antenna measurements. Reflections would occur in space antenna 
measurement only near the horizon of an earth based source antenna. Since the space 
antenna orbit altitude must be greater than 100 mi. to preclude rapid orbit decay, the 
antenna separation will be well above the minimum required at 7.8  GHz. Since the 
distance involved in the measurement of in space antennas may be quite variable as long 
as they exceed this minimum value, the test equipment generating the R F  signals for 
the measurements must produce enough power to permit operation of the tests at the 
distances involved. If the test antenna (100 ft. parabolic reflector) is used as the re- 
ceiver antenna the effective radiated power (ERP) requirements of the sources can be 
derived. 
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Figure 11-10, Antenna Test Range Length as a Function of Test Antenna Diameter. 

RP (dbm) - space loss (db) + rec.sensitivity (dbm) .t system + losses (db) 
+ ~ ~ i c  r ~ n g e  (db) - antenna gain (db) = transmitter power (dbm) - line losses (db) + 
antenna gain (db) in direction of receiver. 

Required ERP (dbm) = (space loss - antenna gain) - 10 (sensitivity) + 2 (losses) = 40 
(dynamic range) = (space loss - antenna gain) - 58. 

For the fixed receiver antenna size, the term in parentheses is independent of fre- 
quency and a plot of required ERP is shown in Figure 11-11 for the receiver para- 
meters in the formula above which a re  the specifications of existing off-the-shelf 
antenna range equipment. The receiver sensitivity is somewhat frequency dependent 
so that the family of curves which actually represents the data lies within the limits 
shown. Receivers are also available with 60 db dynamic range but to utilize them fully 
the ERPls must be increased by a factor of 20 db which may not be possible for some of 
the sources described later, 

II. 3.1 Earth Surface to Synchronous Orbit Pattern Measuring System. The advantages 
in terms of favorable source - receiver spacing realized from a satellite as one end of 
the range and an earth surface station as the other end is somewhat offset by the 
greater source powers required due to excessive spacing caused by orbital altitude 
requirements for satellite longevity. From Figure 11-11 (ref, ) for a synchronous 
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Figure 11-11. Antenna Range Source ERP as a Function of Range Length. 

orbit, the product of the transmitter output power and the undefined antenna gain must 
be about 85 Kw (49.3 dbw) to allow for a 40 db dynamic range of pattern measure- 
ment at any frequency with the receiving equipment previously described, Figure 11-12 
shows the range transmitting source output power requirements for measuring the 
100 ft. antenna as a function of frequency for three common sizes of ground antennas in 
current use (30, 60, and 85 ft. diameters) with synchronous orbit to ground measure- 
ment system, Since the satellite, at the 120' west longitude neutral stable point, 
would be within view of the JPL Goldstone facility, the power requirements with a 
210 ft. diameter ground antenna a re  also presented in Figure 11-12. 

II. 3 . 1 . 1  Ground Transmitter Source. None of the power requirements shown is diffi- 
cult to achieve if the transmitters are located on the ground and any of these antennas 
is available with suitable modifications to accommodate the test frequencies. Existing 
stations used by NASA/MSC, associated with the Apollo project which are above the 
horizon of a synchronous satellite located at the equator and 120° west longitude, 
shown in Table 11-2, along with large antennas existing at the site. 
used by or  available to NASA). 

(Not necessarily 

These antennas are not now equipped to transmit the frequency range desired for this 
experiment. The possibility of using any of them depends, therefore, on its availability 
and suitability for modification and subsequent use as required, Alternatives are  
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Figure E-12. Transmitter Power Requirements to Perform Pattern Measurements 
from Synchronous Orbit, 

Table II-2. Visible NASA MSN Ground Support Stations and Antennas. 

Station 

Hawaii 

Point Arguello 

Goldstone 

White Sands 

Corpus Christi 

Eglin AFB 

Antenna Diameter (ft. 

30 

60 

30, 85, and210 

60 

30 

60 

Cape Kennedy 30 and 60 
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installation of a new large ground antenna specifically f 
ment o r  rental of facilities from another government agency o r  from a contractor having 
such facilities available for its own uses. Any location at which the space antenna is at 
least loo  above the horizon is suitable for the ground station location. For the 120' 
west longitude neutral stable point the area thus open includes all the USA except New 
England and Alaska, the southwestern and south central provinces of Canada, Central 
America, the north and west coast of South America and many islands in the Carribean 
sea and eastern and central Pacific Ocean, Hawaii in particular would make an ideal 
station. 

the purposes of this experi- 

Spaceborne Transmitter Source. The advantages of transmitting from the antenna 
satellite in synchronous orbit for an antenna pattern test are  few and are somewhat off- 
set by the necessity for generating a large amount of output power to perform low fre- 
quency tests from this orbit altitude. Power and ground antenna size requirements 
would remain the same as shown in Figure 11-12 with the power generation performed in 
the satellite. Therefore, this mode of operation is not recommended over the ground 
based transmitter mode for a synchronous orbit experiment. A problem which would 
arise from use of a space transmitter is that of obtaining frequency allocations to 
operate in three or  possibly more bands and illuminating large ground areas from 
synchronous orbit. However, operational redundancy and consequent reliability are 
improved by having a transmit as well as receive test  capability in the spacecraft. 

II. 3.1.2 Low Orbit Pattern Measuring Experiments. The maximum transmitter 
power-ground antenna combinations required for a 200-300 mi. orbit experiment are 
about 20 db less than those shown in Figure 11-12 (ref. ) so that it is entirely feasible 
to transmit from the satellite as well as the ground for the purpose of measuring 
antenna patterns with an output power on the order of 20 watts using any of the 30 ft. 
ground antennas previously discussed. 

Ground Transmitter Source. The reduced ERP requirements can be used to consider 
the reduction of power in the transmitters or to reduce antenna size of the ground 
antennas while maintaining high power in the transmitters. A 1 0  ft. diameter ground 
antenna would require an output power increase of nine times over that needed with a 
30 ft. antenna or  a maximum of 180 watts which is well within reasonable attainment 
for a ground based transmitter experiment. 

Space Transmitter Source. The facts presented above, regarding a low orbit ground 
transmitter source also apply to a space transmitter source so that as far as the power 
requirements are concerned, a space source at the test antenna is entirely feasible 
and reasonable for a low orbit experiment. 

Other Considerations Regarding Low Orbit Tests. In performing low orbit tests, the 
'relative motion between the test antenna and the ground stations and the fact that the 
test antenna is eclipsed by the earth at any given ground station for the greater part of 
every orbit revolution requires that serious consideration be given to using several 
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ground stations o r  to a complex of multiple ground antenna and receiver equipment. 
The geometry of the antenna complex must be arranged to provide a larger slice of the 
antenna pattern than a single antenna can achieve and the data from all antennas corre- 
lated by means of a time signal transmitted from the satellite. It is obvious that the 
simplest transmit-receive mode for the multiple antenna method of operation is to 
transmit from the satellite and receive on the ground. Operation in the other direction 
will require a different transmitter and receiver using different frequencies for  each 
ground antenna and multiplexing all receivers into the test antenna. The rapid angular 
rates generated by the orbital motion in low orbit preclude using this motion for pattern 
scanning with any method other than great circle scanning which requires several orbits 
of the test antenna at each test frequency, 

II. 3 . 2  Sub-satellite Source. Several of the problems associated with making a pattern 
measurement can be eased or  eliminated by placing the source transmitter in the same 
orbit as  the test antenna. The sub-satellite source would radiate through an omni- 
directional antenna about a spin axis perpendicular to the orbit plane, In an alternate 
method, the sub-satellite could contain the receivers instead of the transmitters with 
the transmitter contained in the space erectable antenna. This would require a duplication 
of telemetry equipment in the sub-satellite and is a more costly configuration having no 
particular advantage. 

Transmitting sub-satellite power requirements are  dictated by a 2 db source antenna 
gain and a propagation path of about 50 km. A t  any point in the test frequency band the 
power required is less than 75 milliwatts, An additional advantage of the sub-satellite 
is that the angular relationships between the test antenna and the source change at’ 
fixed rates as long as the orbits are identical and circular and the test bodies are 
unperturbed (360° per orbit for a fixed inertial reference of the test antenna axis. ). 
No unpredictable atmospheric effects disturb the pattern measurements nor can the iono- 
sphere affect synchronous orbit measurements adversely. No ground station would be 
required or  modification made to accommodate pattern measurement requirement ex- 
cept as  a backup capability to increase reliability. Source and the test antenna a re  
never eclipsed by the earth so that continuous measurements are theoretically possible 
even in low orbit. The addition of a strong command-controlled flashing light to the 
sub-satellite will permit easy optical reference for the purpose of aligning the antenna 
coordinates with the source. The power drain is low enough that high and midband 
frequency pattern can be measured simultaneously by duplication of the proposed 
receiver systems in the antenna satellite. 

The most serious disadvantages are: 

a. Additional payload weight added to launch system by the sub-satellite is estimated 
at 250 lb. 

b. Cost of the sub-satellite (3) is estimated at $1. 5 million. 
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c. System equipment and maneuver complexity greater than a ground to space system. 

II. 3 .3  Lunar Source, The moon as a source can be considered in two ways. First, 
it is a natural radiator, receiving energy from the sun in the form of heat and re- 
radiating it largely in the microwave energy not, however, as  an essentially point 
source but having an included width at the earth of about 0.5O. In these respects, it is 
similar to the sun o r  other stellar sources and will be further discussed in Section II. 3.4. 

Consider the moon as a distant base having an available transmitting source. This 
method was used by the Jet Propulsion Laboratory (Ref, 11-2) to obtain accurate 
patterns and gain measurements of the 210 ft. parabolic antenna at their Goldstone 
Facility using a great circle pattern scan. A data transmitter and antenna system on a 
surveyor vehicle soft-landed on the moon's surface was used as the pattern range radia- 
tion source. To obtain adequate system performance using RF systems parameters 
previously described in this document will require the source on the moon to have an ERP 
of about 5 . 3  megawatts. The geometry of the moon-to-earth synchronous orbit 
(Figure 11-13) requires a 0 . 8  power beamwidth of the moon based antenna of at least 
0.212 radians or  12. lo. This provides a minimum gain of 16.6 db at  6 GHz requiring 
about a 6.5 in. maximum diameter paraboloid. A t  6 GHz the transmitter output from 
the moon would have to be 

10 log 5.3 megawatts - 16.6 db = 118 KW. 

100 FT, PARABOLOID /- 
SOURCE 

0 
MOON \EARTH 

L SYNCHRONOUS ORBIT 

Figure 11-13, Coverage Requirement for Lunar Source Antenna. 

This is much more power than was required for the Goldstone pattern measurement be- 
cause the relative motion between the moon and the earth's surface was slow enough 
that with some small additional slewing of the antenna a very narrow bandwidth 
resulting in an AGC time constant of 10 sec. could be used and still produce meaningful 
AGC voltage records for antenna pattern recording of the 210 ft. paraboloid. There 
was also a total 6 .4  db greater antenna gain in the Goldstone test. In order to main- 
tain the 118 KW as the minimum power output, an antenna gain of 1 7 . 6  db must be 
maintained at all test frequencies by means of a different antenna at each test fre- 
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quency or  some method of changing the gain of one antenna which would of necessity be 
much larger than 
lowest frequency (34 ft. at 100 

e 6.5 in. diameter to accommodate the gain requirements at  the 

At low orbit, the maximum source transmitter power requirement can be reduced by 
16  db because the source antenna one db beamwidth can be reduced to 2' providing a 
minimum 33 db antenna gain over the test antenna orbit. This, however, requires 
source antenna sizes of 3.5 to 195 ft. on the moon to accommodate the recommended 
test frequencies at this gain level. 

Thus, it appears that the use of the moon as a source location for space antennas 
appears somewhat impractical because of the high ERP requirements. Development of 
higher power sources or more sophisticated pattern receiver techniques are indicated 
requirements to make it practical. 

II. 3.4 Stellar Sources. In addition to the possibility of placing a sub-satellite source 
in the same orbit as  the test antenna, it is possible to obtain a relatively fixed direction 
source by using natural emitters of RF energy such as the sun and other stellar sources. 
Aside from the sun and moon which a re  not point sources but have about a 0.50 width 
there are several sources with a high enough power emission to be detected by the 
satellite. This detection will require use of radiometer techniques instead of antenna 
pattern receiver measurement, will be more lengthy and will confine the measurement 
to small portions of the radiation sphere, Antenna noise, temperature measurements 
a re  measurements of a similar nature, requiring special equipment for the low-intensity 
sources. 

11.4 PATTERN SCANNING TECHNIQUES. The radiation pattern is taken by sampling 
the relative energy distribution about the antenna over all angles in space. This requires 
rotating the test antenna. 
rotational systems for accomplishing the angular changes. Precise angular positioning 
is possible through electrical and mechanical control systems. Unlimited drive power 
is also available for rotating and positioning the test antenna. When the antenna is in 
orbit, the test antenna angular positioner becomes the spacecraft attitude orientation 
system and is limited by its characteristics. The spacecraft is also a free body so 
that any angular momentum added by the control system must be offset by an opposite 
reaction. This eliminates any mode of generating angular changes for the pattern map- 
ping which require starting and stopping maneuvers due to the excessive use propellants. 
Pattern recording time is limited by the mission time and the rate at which the pattern 
data can be recorded is limited by the Apollo system information rate. 

Terrestrial ranges consist of mechanical mounts and 

Typical scan patterns for antenna pattern mapping are  shown in Figure II-14. The 
conical cut (constant 8) commonly used on earth band ranges is taken for discrete 
values of one angular coordinate and variable values of the second (Figure II-14a). 
A series of these cuts are  taken over the region of interest o r  over the entire radiation 
sphere. Great circle cuts, Figure II-l4b, are also taken by sampling along constant 
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B. GREAT CIRCLE C, SPIRAL 

D. RASTER E. NODDING SCAN 

Figure II-14. Antenna Pattern Mapping Scans 

values of one coordinate (0) and variable values of the second. In this case, sample 
points all lie within a plane. 

Varying both coordinates simultaneously results in the spiral trace of Figure 11-l4c. 
The entire radiation sphere is mapped out for 180° variation in fl with the coarseness 
of the mapping controlled by the relative orthogonal spin rates. Large values of 
small values of 6 are required for high resolution mapping of narrow beamwidth 
antennas. A scan technique applicable to mapping mall portions of the radiation 
sphere is raster scan in Figure II-14d. A variation of this scheme is the nodding or 
oscillating scan shown in Figure II-14e. This scan is generated by a soft spring inter- 
connection between the CSM and antenna. When excited the system becomes a mechan- 
ical oscillator. Considering the restrictions of mission time, data rates, propellant 
and reaction control engine life, the three most promising scanning techniques for 
space application are: 

with 

a. Great Circle Planar Cuts. 

b. Spiral Scan. 

c. Nodding Scan. 

II. 4.1 Great Circle Cub. This scanning technique is applied by stabilizing the antenna 
and letting the source drift through the antenna beam. Angular scan rate can be in- 
creased by slewing the antenna boresight axis through the source. An attitude change 
or a perturbing of the spin axis is required between each cut to map out the entire 
radiation sphere. 
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11.4.2 Spiral Scan. The constant 9 or conical cut normally obtained on earth-based 
pattern ranges becomes a spiral pattern in the space application because of relative 
angular motion. Scanning is accomplished by positioning the beam so that it is swept 
across the source by rclativc angular motion and adding spin about the antenna bore- 
sight axis. 

At synchronous altitudes, orbital angular rates and maximum tolerable structural spin 
rates are compatible, allowing this method to be used. It can be used at low orbits when 
the beamwidth is relatively large and when an RF satellite is employed. 

II. 4.2.1 Spiral Scan Using Inertia Wheels. A t  synchronous altitudes detail mapping of 
the antenna pattern in  the region - + 1.5O around the central axis can be accomplished 
through the use of pitch and roll inertia wheels. Initially the antenna would be aimed as 
nearly as  possible at a calibrating ground station, The ground station would then be 
tracked for 30 min. to accurately compensate for earth rate. A spiral scan would then 
be initiated by modulating the rates of the inertia wheels in a sinusoidal manner. The 
pitch wheel would be driven 90° out of phase with the roll wheel to create the spiral. 
An alternative approach would be to provide the yaw inertia wheel with torqued gimbals 
and to operate it as a control moment gyro to provide the spiral scan. In that event 
the torquers would be driven harmonically and 90° out of phase. 

To keep the experiment time to a minimum, a scheme which uses maximum available 
inertia wheel torque o r  gimbal torque will be employed; consequently, the equation 
describing the motion of either axis is: 

.. 
I 8  = T  cos u t  o r  T sin wt 

m ax m ax 

where: I is the moment of inertia of the satellite. 

T 

w i s  the natural period for one loop of the spiral. 

is the maximum inertia wheel o r  gimbal torque, m ax 

F) i s  the angular coordinate. 

Since the radius of the spiral constantly increases, wwil l  depend upon the position on 
the spiral: 

m ax T 

R I  , R = angular radius of spiral position w= 

Figure 11-15 shows plots of the time to complete a scan at a resolution of 0 . 0 3 O  versus 
Tmax and maximum angular momentum capacity versus Tmax. Both cases of CSM 
docked and not docked are presented. 
200 min. are near the knee of t vs Tmax relation and little is to be gained in additional 
time saving without large increases in momentum storage capacity. 
150 ft .  -1b. -sec. will be needed to provide a reserve above that required for scanning 
alone. 

From these curves it appears that times of 150 to 

A capacity of 
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Figure II-15. Momentum Storage and Torque Requirements 

Power Requirements. In the final loop of the spiral scan an inertia wheel will require 
its greatest power input. The expression for inertia wheel torque is T = Tmax cos ut. 
Wheel angular rate is given by: 

n = n  sin ut 
max 

The instantaneous power is P = Th2 or P = 
Qmax T max 

sin 2 ut 
2 

T 
- ‘max max - 

2 
which has a maximum value of P 

m ax 

In electrical units the maximum wattage is Wattsmax = 0. 68 R T max. A reasonable 
value for Rmax is 100 rad/sec, and Tmax has been set at 2 . 0  ft. -1b. Hence Wattsmax = 
136. By contrast the total power required for the two gimbal CMG is about 13 watts. 
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II*4,3 This method is a variation of a raster scan. A raster or tele- 
vision type of scan, with the required resolution, is within the capability of the control 
system insofar as pointing accuracies a re  concerned. However, demands on the CSM 
and its ACS in duty time and calendar time are prohibitive. For example, a desired 
2 O  by 2 O  scan area for central and main sidelobe evaluation, with a 0.04' scan line 
spacing, would require 50 scan lines. Each line requires that an initial velocity be 
imparted and a coast period permitted, after which the velocity zeroes and then 
reverses. This procedure is extremely wasteful of fuel. 

The principal failing of this form of raster scan is its non-conservative (energy wise) 
nature and the consequent demands on attitude fuel. An alternative approach to the 
creation of a raster scan, which is essentially conservative, takes advantage of an 
intentionally designed low frequency structural vibration mode. This mode, as  illus- 
trated in Figure 11-16, is a consequence of the intentional introduction of a relatively 
soft spring element between the antenna and CSM. The desired mode frequency is on 
the order of 0.167 Hz. In practice, the scan would result from a Combination of a 
relative pitch rate of 0.007 deg. /sec. and a roll axis "nodding" of the 0.167 Hz mode. 
This joint would be designed so that the spring mode could be locked out except when 
testing. The nodding motion is initially excited with the attitude control system and is 
maintained at near constant amplitude by periodic impulses from the RCS to replace the 
gradual dissipation of energy by the structure. 

DEG 0 +1 DEG 

Figure 11-16. ''Nodding" Vibration Mode Figure 11-17. Sinusoidal Raster Scan 

The apparent motion of the sub-satellite, as shown in Figure II-17, is analogous to an 
oscillograph trace of a sine wave. 



Individual 20 by 2O areas are  mapped out in this manner in 5 min., or  a 2' by 20' area 
areas where a lesser resolution is acceptable, a higher pitch rate can be 

employed. 

II. 5 ORBITAL ALTITUDE EFFECT§. The choice of an antenna concept to f i t  a given 
erational altitude or conversely the choice of an altitude appropriate to an antenna 
sign is strongly influenced by the complex of characteristics sensitive to orbital 

altitude. These characteristics can be grouped into three categories: 

a. Experiment and equipment configurations. 

b. RF characteristics. 

c. Environment. 

Configuration properties coupled with the effects of earth and orbital motions deter- 
mine types and rates of coverage and define in large measure the control system require- 
ments, Radio frequency propagation is rigidly tied to the distance square law phenomena 
and to considerations of propagation, whether for broad or point coverage. It is often 
the case that RF and geometric considerations cannot be clearly separated and are  
examined as an interaction, 

Environmental effects exert the most profound influence in that they make operation 
impossible in some orbits and very difficult in others. Aerodynamic drag is chief 
among these at the lower altitudes with particle radiation imposing several limitations 
on other orbits. The more subtle forces of gravity gradient and solar pressure are 
not overriding influences, The nature and influences of orbit variation is examined in 
this section. 

II. 5 . 1  Orbital Rates. 

Light of Sight Parameters. Figure 11-18 illustrates the geometry of the near earth 
orbit mission which requires tracking of an earth-based target. The special case of 
the target which passes directly below the antenna has been chosen since it produces 
the greatest variation in attitude control requirements. Earth rate has been ignored 
as a negligible contribution to line of sight angle and its derivatives. Figure 11-19 
shows the magnitude and form of the variations in $ , 4, and $ as a typical target is 
tracked from zenith to horizon when the orbit altitude is 100 n. mi. Orbit altitude 
influence on these parameters can be appreciated from examination of Figure II-20 which 
shows the same data for a 300 n. mi. orbit. 

For a circular equatorial, synchronous orbit within view of a ground station, $ will be a 
constant so that 4, andv will be zero. 

11-23 



Figure II-18. Tracking Geometry for 
Overfly 

It is desirable to use the relative motion 
between a test antenna which is pointed 
in a fixed direction in inertial space and a 
second station which has a changing posi- 
tion relative to this fixed direction to allow 
the test antenna to spin about the inertial 
axis. This creates relative motion through 
the test antenna coordinates previously 
discussed without application of a second 
momentum vector. The relative rates of 
change of the angle 0 in such a set of 
coordinates in which the test antenna 
inertial beam axis passes through the 
second station are shown in Figure II-21 
for both a ground station and a satellite 
station in the source orbit as the test 
antenna as a function of the range of 
orbital altitudes under consideration. 

Figure II-19. 100 n.mi. Orbit Point 
Target Tracking Rates 

Figure II-20. 300 n.mi. Orbit Point Target 
Tracking Rates 
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Figure II-21. Orbital Altitude Effect on Pattern Sweep Rate for an Antenna with Beam 
A x i s  Fixed in Inertial Space. 

Figure II-21 reflects the maximum slewing rates shown in Figures II-19 and II-20 (ref. ) 
for earth targets for low orbits, and indicates that at or  near synchronous orbit the same 
rates of change of Q are available whether a ground or a satellite source target is used. 
The rate of change of 0 directly affects the rate of change of QL For the scan pattern, 
one must spin the antenna at a rate fast enough the Q will change no less than 1/4 beam- 
width per revolution in order that the main beam may be reconstructed and reasonable 
detail of the side lobe system be presented. Using a single orbit scan 1/4 beamwidth 
at 6 GHz is 0.115 M 0 . 0 3 O  so that the spin rate must be such that the antenna turns 

about its beam axis one revolution per  49 = 0. 03'. The rate of change of F )  of a spinning 
satellite in a circular orbit is given by 

4 

360' - A 6  
A t  Orbit Period 
- -  

360 
24 

For a synchronous orbit this is - = 15'/hour = 0.25O/minute which defines the 

necessary rate expressed above to achieve one scan spiral every b 4 = . 0 3 O  as approxi- 
mately 8 revolutions per minute. At 1 GHz the required minimum spin rate is less 
than 1.4 rpm, and at 100 MHz less than 0 .14  rpm. These spin rate requirements 
increase at 300 mi. orbit rates to 144 rpin at 6 GHz, 25 rpm at 1 GHz and 2 . 5  rpm at 
100 MHz for an equivalent scan method using a target subsatellite source. An earth 
located source requires a factor ol 8 further increase in the maximum spin rates with 
the antenna at 300 n. mi. altitude. Other considerations limit the spin rate to values 



the higher rates menti ch as s t ~ c t u r a  oading, measure- 
d Apollo hardware c the spin rate is 

a 1/3-g load at the limited by the antenna construction 
perimeter. This can be c 

32 2 2 n  2 - = R u  = 5 0 ~ ( - )  
3 T 

T = 13.6 see. 

Equivalent rpm = 4.42 

The antenna tests possible using a maximum rate spin scan within the structure limits, 
the antenna that are at the selected frequencies ot 1.0  and 0.1 GHz using synchronous 
orbit altitude with a ground station or a subsatellite source or at low orbit, using a 
sub-satellite source only at 0.1 GHz, Other scanning techniques require different 
rate considerations but for the most part slower rates are possible at synchronous than 
at 300 n.mi. altitude, and since scanning rates are limited by the data transmission 
system more than by mechanical limitation synchronous orbit is the altitude best suited 
for the experiment. 

II.5.2 Operation Time. Because ot the limitations oi astronaut time in orbit with the 
antenna satellite, it is desirable to perform an adequate manned test in as short a time 
period as is possible. Thus, the time period per day in which the test antenna and 
radiation source are within sight of each other limits the amount of data which can be 
obtained in a given time period, In synchronous orbit the two stations a re  always 
within range and measurements are possible 24 hours a day with a single source 
whether it be on the ground or a sub-satellite in the test antenna's orbit. In a low 
orbit (100 - 30 ne mi. ) a ground source is visible at a single ground station for periods 
per orbit as indicated in Figure 11-22 between 
horizons and between loo  elevations above the 
horizons. If the ground station is on the 
equator under an equatorial orbit, the ground 
station will perform less than 11 min, of tests 
for each of 15 orbit periods per day. To pro- 
vide 24 hour per day availability will require 
at least 10 ground stations evenly spaced 
around the equator. With a sub-satellite 
source in the same orbit as the test antenna, 
there can be 24 hour visibility at a low orbit 
without the complications ot requiring an 6 8 10 12 
equatorial orbit and using several assentially TKME (mln) 

Figure 11-22. Spacecraft Viewability Dura- 
tion for Direct Overpass and Ground Station 
Elevation Cut-Otf Angles of 00 and 10'. 

special ground station installations. 
Considering all pertinent factors such 
as orbital rate, allowable spin rate, and 
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maximum data transmission rates, 24 hour visibil ows a complete pattern with 
ements a re  made separated by 

1/4 beamwidth can be made in one day and one GHz and in seven days 
at 6 GHz at synchronous orbits. If one are measured simultaneously, 
permissible because they use a common feed which can be diplexed into two receivers, 

entire pattern measurement and gain tests can be completed in eight days. In a 
n. mi. orbit using sub-satellite source providing 24 hour visibility per day, it 

should be possible to produce a radiation pattern and gain measurements in approxi- 
mately six days by using the entire data rate capacity of the data transmission system, 
a man or men at  the spacecraft and ground test controls 24 hours/day for six days, a 
worldwide MSN with no coverage gaps, considerable fuel expenditure required to change 
spin axis orientation after each orbit. By contrast, the synchronous orbit experiment 
described above requires about 1/5 the Apollo system data rate capacity, manning only 
12 or  13 hours per day because no spin axis steering is required, equipment can be 
kept running in one operating condition for 12 hours without adjusting preset operating 
conditions, a single ground station or two at most is required for full data transfer, 
less fuel required as spin vector is constant after being started with possible slight 
adjustments, twice per orbit to maintain or correct spin rate as required. 

es to points at which fieid intensi 

II. 5.3 Ionospheric Factors. Since the ionosphere is a neutral plasma in a magnetic 
field, it can at the right frequencies cause absorption refraction and reflection of radio 
energy, frequency dispersion and polarization dispersion. Absorption is negligible at 
the test frequencies considered and will not be further considered except to say that 
the principal effect on the tests described would produce a requirement for additional 
ERP. Reflection and refraction are inverse factors of frequency and will be negligible at 
100 MHz and above if the elevation angle of the satellite above the ground station used 
for a pattern transmitter source is greater than loo. Frequency dispersion is also an 
inverse function of center frequency and a direct function of beamwidth. At  the high 
center test frequencies used and the low bandwidths required for this test, this factor 
is also considered negligible at the radiation angles to be used. The etfects of 
polarization dispersion (the so-cailed Faraday effect) is also an inverse power of fre- 
quency effect at which a wave impinging upon the ionosphere is resolved into right 
and left hand circular components which travel with different phase velocities through 
the ionosphere, Since the velocity dilferences is a function of ionosphere electron 
density and magnetic field intensity and direction, neither of which is very predictable 
and only measurable with difficulty, the polarization compatibility with the receiver 
polarization is equally unpredictable unless the transmitted wave is pure circularly 
polarized to begin with and the receiver antenna polarization is compatible. For this 
reason, the source transmitter on the ground and the test antenna will be designed for 
circular polarization in equivalent senses. It is of no consequence to this technical 
discussion to specify a particular polarization sense. The described polarization 
compatibility will also provide maximum possible energy transfer between the source 
and test antennas regardless of relative mechanical rotations about the line connecting 
the two. 
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With respect to the relative orbital 
will be applicable to any space to ground test link. The low orbit measurements will be 
slightly less affected than the synchronous orbit except at low elevation, because of the 
smaller distance traversed in the ionosphere to the low orbit. Neither sub-satellite to 
test antenna measurement will display ionosphere effects because the ionosphere density 
at synchronous orbit is negligible and the test path distance is only 30 mi, in either 
orbit. The spin stabilized sub-satellite antennas will in ail cases be linear polarized 
so that the interantenna coupling with the test antenna will suffer a three decibel 
polarization loss. 

titude effects due to these phenomena, the phenomena 

11.5.4 Atmospheric Effects, There will be no differential atmospheric etfects due to 
orbital altitude. A l l  test antennas will be above the sensible atmosphere so that all 
space to ground tests will be dperated through the entire atmosphere. It is true that 
atmospheric refraction will be more variable for the low orbit but as long as elevation 
angles remain above loo this effect is negligible. 

II. 6 GROUND/SPACE TRADEOFFS. This section summarizes the ground space pattern 
measurement tradeoffs that were discussed in previous sections. 

Pattern measurements can be taken using the test antenna either transmitting or 
receiving. There are a number of advantages in using the space antenna as a radiating 
source and recording pattern data at earth sites. Although considerable design and 
development of the spaceborne transmitter has already been undertaken, modiricahon 
of existing pattern recording equipment is necessary because a spaceborne require- 
ment has not existed to date. Complete polarization diversity is available at ground 
stations for minimal or no cost. 

An advantage of the space antenna serving as the receiving antenna is the ability to 
record simultaneous pattern and standard gain horn data. This cannot be done in the 
opposite situation where the test antenna is transmitting. Either a partial principal 
plane cut must be made of the antenna gain standard, or a switching arrangement 
designed which periodically connects the gain reference antenna. Both experiment time 
and RCS thruster life prohibit excessive maneuvering and the more complex cir- 
cuitry is warranted. When multiple ground stations are considered as targets for 
pattern resolution and experiment time reduction, the space antenna must be the 
radiating source. 

Low orbits yield small swell times over ground sites on a per orbit basis and very 
little data can be obtained each pass. In addition, the earth rotation limits the number 
of satellite observations to 4 to 6 per day per station, breaking the experiment time 
into many small segments with large gaps between data points. Moving the target 
from an earth site to an orbital position allows continuous pattern data to be taken. 
Range variations to the sub-satellite are negligible or predictable. Pattern measure- 
ment angular data is generated from a two-axis gimballed optical tracker locked-on to 
the sub-satellite. Synchronous altitudes ;us0 ;ulow continuous pattern measurements. 
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A t  synchronous altitudes, a ground station radiating source and space receiving antenna 
is the selected configuration to allow simultaneous pattern and gain standard recording. 

There is no trade-off for noise temperature measurements. Data must be taken in 
space since its vaue  is a function of antenna location. 

B *UI. 7 APOLLO SYSTEM INTERFACE. 

II. 7.1 Spacecratt Communications Svstem. 

11.7.1.1 Unified S-Band RF Subsystem. The basic spacecraft components of the 
Unified S-Band are a transponder(s) and a power amplifier. This equipment is 
compatible with ground stations of the Manned Spaceflight Network, and transmits to 
the ground digital telemetry data, wideband analog data and voice, and receives from 
the ground station command and voice. Tracking is performed by modulating the S- 
band carrier with pseudo-random code data. The equipment can be used in the experi- 
ment satellite with little or no modifications. 

Figure 11-23 shows the interfacing of the S-band equipment in the antenna pattern 
measurement electronics. Interchangeability and back-up capability is feasible for 
the S-band equipment in the experiment satell'ite and the CSM. 

ENVIRONMENT & MECH 

PCM PROCESSOR 

100' DISH 

I U S B  
POWER 

DATA TRANSMISSION 
ANTENNA SYSTEM 

1 

70 KHz 
DLSCRIM- 
INATOR RECORDER 

I 
RELAY 
CLOSURE 
COMMANDS 

Figure II-23. Pattern Measurement Data Handling. 
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To satisfy reliability requirements, two transponders may be required in the satellite. 
The USB power amplifier contains two T T 5-20 watt RF amplifiers, one for the 
standard PM link and the second amplifier to transmit F 
second amplifier will be used for back-up and can be modulated with FM-FM continuous 
analog data for some experiments. Frequency modulated subcarriers of Y5, 125 and 
165 KHz provide tor three continuous analog channels in this mode, 

wide band TV data. The 

II. 7 .1 .2  PCM Telemetry. A PCM telemetry subsystem performs functions similar to 
that of the Apollo PCM Processor, as illustrated in Figure 11-23, the PCM telemetry 
multiplexes and converts the analog receiver outputs to 7 bit digital words and combines 
these digital words with digital angle data time words and synchronization words into a 
serial binary NRZ pulse stream along with a clock signal to a bi-phase modulator. A 
bit rate of 12, 800 bits/sec. is based on the following data requirements: 

Channels Bits Word Bits/Sec. 

2 analog at 150 SPS (Receivers) 7 2100 

3 digital at 150 SPS (Angle Data) 14 6300 

Timing, Synchronization and Misc. Housekeeping 4400 

Output Rate 12,800 

The use ot the Apollo PCM Processor is not being considered. Its capacity of 365 
analog channels and 304 digitar inputs is far greater than required, Although the 
analog channels can be readily accommodated, the digital sampling rate require- 
ments cannot be implemented by the Apollo PCM processor without modifications and 
its bit rates (51.2 and 1 . 6  KBS) are not compatible with the measurement requirements. 
The 12.8  KBS bit rate, binarily related to Apollo 51.2 KBS rate, allows coherent 
phase - shift keying of the 1.024 MHz telemetry subcarrier and is thus compatible 
with the USB. The 12.8 KBS rate is preferable to 51.2 KBS because it minimizes 
recording requirements and allows more efficient down-link telemetry transmission. 
The parameters for the down link PCM telemetry transmission are  shown in Table 11-3. 
The use of a 12.8 KBS bit rate instead of 51.2 KBS permits use of the 20 watt TWT 
USB power amplifier and a 3 db gain antenna system in the spacecraft. 

II. 7 .1 .3  Digital Command Subsystem. On up command link is required to remotely 
control experiment functions. Some of the commands anticipated are as follows: 

a. Switching of receivers. 

b. Turn ON and OFF power amplifiers and transmitters. 

c. Select data inputs. 

d. Select tape recorder record mode. 
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-3. Down-Link Telemetry - S-Band. 

Transmitter Power (20 W, ) 

ransmitter Circuit Losses 

Polarization Loss 

Transmitter Antenna G in 

Space Loss (2.3 KHz at 19,400 n.mi.) 

Receiver Antenna Gain 

Receiver Circuit Loss (MSFN (2nd. Sta. ) 

Receiver Carrier Power 

Equivalent Receiver Noise Density (Dbw/Hz) 

Noise Bandwidth (50 KHz) * 
Equivalent Receiver Noise Power 

Required RMS Signal to Noise Ratio 

Modulation Characteristic ** 
Required Carrier Power 

Nominal Margin 

* Based on 12.8 KBS Bit Rate 

13 dbw 

7 . 2  db 

00 db 

3 d b  

191 db 

44 db 

0.5 db 

138.7 dbw 

203.9 dbw 

47.0 db 

156.9 dbw 

11.2 db 

3 . 0  db 

142.7 dbw 

4 . 0  db 

** Based on PM Modulation with one Telemetry and one Voice 
Channel with Modulation Indices of 0 = 1 . 5  and 0 = 0.65. 
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e. Select tape recorder playback modee 

f. Turn OFF tape recorder, 

g. Initiate and stop antenna rotation. 

The Apollo up-data command link is applicable to perform the required command 
functions. The up-data frequency modulates a 70 KHz subcarrier. Therefore a 70 KHz 
discriminator, a decoder, relays and relay drive circuitry are  required to perform the 
command functions in the satellite. 

II. 7.1.4 Voice Transmission. Voice communications during the manned phase of 
experiments can be performed either by communicating from the CSM or via the USB 
link in the antenna satellite. In either case it would be desirable to locate an audio 
center in the antenna electronic capsule to provide the necessary amplifiers and control 
circuitry for two way voice communications. Voice data frequency modulates sub- 
carriers for both the up and down radio links, Therefore modulation and demodulation 
circuitry is also required. 

II. 7 . 2  Date Storage. The primary function that a tape recorder performs during a 
pattern measurement is to provide a means of temporarily storing measurement data 
in the form 0% a serial PCM digital pulse train during periods when the R F  link from 
space to ground is interrupted or marginal. A secondary function, assuming data 
storage is required, is to provide analog channels to record the receiver outputs 
directly to take care of a failure mode involving the analog multiplexer or analog to 
digital converter in the P a  processor. Playback of the recorded analog data is via 
two subcarriers of the wide band FM-FM link. Ideally, it is desirable that the tape 
recorder possess sufficient capacity to record an entire pattern measurement. How- 
ever, one to two hours of recordtime can provide a capability to record the most sig- 
nificant portions of the antenna pattern. The Apollo Data Storage Tape recorder can 
adequately accommodate the data storage requirements. 

Recording of 12 .8  KBS data at 3.75 in. per sec. allows two hours of data storage at 
the required bit packing density. However, modification to the recorder control 
circuitry is required to provide for a 3.75 in. per sec. reproduce rate. A minimum 
or no modification is required if the digital data is recorded and reproduced at 15 ips, 
a normal mode of operation. However, record time is 0 . 5  hour at the 15 ips rate. 
There are  14 channels on the one-inch wide tape with 4 allocated to digital data, one 
track for a digital clock signal and 9 tracks available for analog date. The quality of 
the analog channels are degraded by tape speed variations of + 0.5% and wow and flutter 
(less than 3% P/P) but these channels might satisfy limited eGeriment requirements, 

II. 7 . 3  Ground Station Network Configuration. Transmission and reception of data is 
compatible with stations of the Manned Space Flight Network that have command capa- 
bility and either a 30 ft. or an 85 ft. antenna. For the synchronous orbit experiments 
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this includes Hawaii, Goldstone, Guaymas, Corpus Christi and Houston. These stations 
are  equipped to receive 1.6, 51.2, and 200 kilobits per see. 

To provide optimum predeteetion bandwidth for the 12.8 KBS proposed data rate a 
50 KHz bandpass filter should be provided in the telemetry subcarrier demodulator. A 
tored program should be added to the PCM decommutator to accommodate the format 

of the experiment data. 
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XI. 8 
the transmitting source is the space antenna, relative power levels and time correla- 
tion data will be recorded at the ground stations. Vehicle position data will be 
recorded at the ground station by the tracking antenna, and data fro’m the space 
vehicle inertial platform as well as the transmitter output power level will be 
transmitted via data link to the telemetry ground stations. When the source is 
a ground station or  a sub-satellite, relative antenna power levels will be recorded 
in the spacecraft and simultaneously transmitted to the ground via data links along 
with vehicle position and time correlation data. Data received by ground stations 
will be transmitted to computer facilities for evaluation and processing. 

MEASUREMENT DATA REDUCTION. During pattern measurements, when 

11. 8. 1 A data processing diagram for a 
ground source pattern mapping configuration is shown in Figure 11-24, As shown 
in the illustration, angle data from the spacecraft is transformed to the (b, 0 
spherical coordinates and pattern and gain data displayed in terms of these coordi- 
nates. Absolute gain is determined from a comparison of the gain standard 
maximum, the test antenna pattern maximum, and a knowledge of the differential 
system losses, 

Pattern and Gain Data Reduction, 

Directivity is obtained from the integration and summation of orthogonally polarized 
power densities over the radiation sphere. 
from the ratio of absolute gain to directivity. 

Plotting the product of GX2 Vs. as  shown in the figure gives a measure 
of the antenna RMS surface error. Since the measurement may be taken over a 
considerable span of time, ground source characteristics are also recorded for 
cor rela tion to measur emen t discrepancies during the data anal ys is, 

The antenna efficiency is then found 

11. 8.2 Noise Temperature Data Reduction. Noise temperature data reduction 
is relatively straight forward compared to the pattern data reduction scheme in 
Figure 11-24, In most cases measurements can be taken by drifting across noise 
sources and plotted directly as a function of one spacecraft angular coordinate. 
Peak values are of most interest to evaluate worst case operation of the antenna 
operating in a receiving mode with noise sources in the vicinity of the main lobe. 

XI. 9 EXPERIMENT INSTRUMENTATION REQUIREMENTS. 

II. 9.1 Electronics. Refer to Figure 11-23. In addition to the communications 
equipment, analog signals corresponding to the signal levels at the antenna outputs 
referenced to a standard signal level are required to perform the pattern measure- 
ment. The measurement receiver and signal generator provide the required 
functions. Each of the 3 receivers will be of the configuration shown in Figure 11-23 
(ref. ) with a crystal controlled local oscillator to provide fixed frequency stability, 
a wide linear dynamic range and gain stability consistent with measurement require- 
ments. The signal generator supplies a reference signal to calibrate the receiver 
prior to a pattern measurement. The two detector outputs of the two channel receiver 
are multiplexed with environmental and mechanical measurement data by means 
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of the analog multiplexer in the PCM processor, ON/OFF and discrete functions 
are combined with other digital data and telemetered. The receivers can be built 
up from available off -the-shelf pre-amplifier mixers and IF amplifiers. 

11. 9 .2  Pattern Measurement Transmit Mode. The instrumentation configura- 
tion for antenna pattern measurements using transmitters in the satellite is shown 
in Figure 11-25, The PCM processor is the same as that used in the receive mode, 
except that the transmitter power level is transmitted instead of receiver outputs. 
The tape recorder records the serial digital data at the output of the PCM processor 
as required, The same unified S-Band communications system is utilized for trans- 
mitting telemetry, receiving command data and providing a two-way voice link. 

The transmitter subsystem on external command supplies a 100 MHz, a 1 GHz 
or  a 6 GHz RF carrier to the antenna assembly at the required power level. The 
transmitters are solid state a t  all the 3 frequencies. 
MMz, the output of the 100 MHz signal generator is amplified to the 100 watt level, 
At 1 GHz, the 100 Mc signal generator output is amplified, multiplied and filtered 
to a 10 watt level, at 6 GHz the 10 watt 1 GHz signal is multiplied and filtered to 
provide a level of 1 watt. The 100 MHz signal generator and the transmitter sub- 
system also provides calibrated reference signals required for calibration of the 
receivers prior to making pattern measurements in the receive mode. 

When transmitting at 100 

REFERENCE 

RECEIlERS 
GENERATOR 

DISCRETES 

Figure 11-25, Pattern Measurement Electronics - Transmit Mode 
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Listed in Table II-4 are the items of equipment required for instrumentation and 
communications. Applicable Apollo equipment is s o  identified, The signal conditioner 
includes much of the equipment included in the Apollo pre-modulation processor, It 
also includes a signal conditioning circuitry peculiar to the antenna pattern measure- 
ment requirements. Equipment designated GDC would be developed if no suitable 
off -the -s helf equipment is available. 

Table II-4. Instrumentation and Communications Equipment List 

Equip men t Title Volume(in. 3, Weight(1b. ) Input Power Watts  Vendor/Source 
Tape Recorder 35 Peak Leach 
Data Storage 12 90 39.7 0.5 Stndby Apollo 

PCM Processor 500 15 8 

USB Transponder 1103 38  2 d c  C 011 ins 
18 a c Apollo 

S -Band 30 10 d c Collins 
Power Amplifier 7 50 90 a c Apollo 

Command Decoder 200 15 7 d c  Motorola 
Apoll o 

Apollo 
Audio Center 190 7. 7 14. 7 d c 

3 . 5  Stndby 

Signal Conditioner 2 50 7 . 0  13 GDC 

100 M H Z  
Transmitter 

1 GHz 
Transmitter 

6 GHz 
Trans mi tter 

100 m z  
Frequency 
Generator 

100 M H Z  
Receiver 

1 GHz 

50 350 d c GDC 
10 

100 12 90 d c GDC 

50 8 90 d c  GDC 

20 2 3 GDC 

100 2.0 1.4  Mixer -Pre- 
amplifiers & 
IF amplifiers 

100 2.0 1 .4  Local Oscil- 
lators & 
Detectors 

6 GHz 100 2.0 1 .4  GDC 
Receiver 

11-37 



tions in the order of 10' to less than 0.2'. This corresponds to a 50:l increase in 
sampling density from the low to high measurement frequencies. The requirement 
for higher angular resolution for each sample also increases with sampling density 
making the measurement more difficult a t  higher operating frequencies. Measure- 
ments must be made in the upper frequency range since operation in this region 
is of most interest in system application. Structural deformation and surface 
accuracy effects are also more pronounced a t  the higher frequencies. 

As outlined in preceding sections, a synchronous orbit is optimum for measure- 
ment requirement compatibility of high gain antennas and is the selection for this 
experiment. Conditions begin to approach those of an  earth based pattern range. 
Both source and test antennas are quasi-stationary, with the test antenna making 
one revolution each 24 hours with respect to the earth source. Advantages of this 
orbit over the low orbit (100-300 miles) are: 

a. Greatest quantity of data collected per unit time. 

b. Continuous ground source visibility. 

c. Immediate transfer of data to processing center. 

d. Multiple processing centers are available along with multiple ground stations. 

Figure 11-26. Gain Vs. Frequency For $100 Ft. Parabolic Antenna 
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enna range length is constant, 

f. Path length through atmosphere is constant. 

g. Orbital motion can be used effectively for pattern scanning, reducing propel- 
lant requirements and conserving RCS engine life. 

h. Orbital rates are low enough to allow the use of low-torque auxilliary control 
units such as inertia wheels for regional pattern scanning, 

i. Simplified spacecraft maneuvers for pattern mapping over the radiation sphere 
(spin ody). 

j. Allows evaluation of the antenna in its most likely operational orbit. 

k. Minimizes ground station qcquisition for data transfer. 

Obvious disadvantages are: 

a. Launch complexity. 

b. Greater effective radiated power required for the longer antenna range length. 

Some improvement can be achieved for the low orbit configuration by using an RF  
sub-satellite. This would allow constant source visibility, constant range length 
and propagation medium, but at increased payload weight, cost, and satellite de- 
ployment mechanism. 

Angular rates encountered in the RF tests are shown in Figure II-27. Attitude 
control system rate characteristics are derived from supplementary control devices 
installed on the spacecraft antenna. The several rates shown for pattern and noise 
temperature steering maneuvers arise from the different test frequencies. Structural 
loading at the antenna periphery (50 ft. radius) is also scaled in the diagram. Apollo 
limit of 25 degrees/second develops approximately 0.3  gS loading at the edge of the 
reflector. This is an important consideration because of possible distortion intro- 
duced in the lightweight structure. The proposed measurement rates are in the 
order of 6 degree/second which gives a loading value of less than 0. lg. 

11. 10.1 Pattern and Gain Measurements. It is apparent that certain regions of 
the antenna radiation pattern have greater significance than others. An attempt 
has been made in Table I&-5 to establish regional importance in proportion to the 
antenna RF characteristics definable in that region. Detailed pattern measure- 
ments over the main lobe and near-in sidelobes (Figure II-28) will define the major 
portion of antenna characteristics. Since this is a small portion of the radiation 
sphere, mapping can be accomplished in a relatively short time. 
is the remaining portion of pattern containing wide angle sidelobe, backlobe, and 
reference pattern data for long term antenna degradation analysis. 

Second in importance 

This data, 
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Figure 11-27. Pattern Measurement ATC Requirements 

Table 11-5. Significant Data For Pattern Regions 

Significant Pattern Antenua Characteris tics 
Data % Region Described 

70 Main lobe & Near -In 1. Gain 
Sidelobes (Principal and 2. Beamwidth 
Cross -Polarized com- 3. Near -In Sidelobes 
ponents) 4. Feed Refocus Information 

5. Boresight Er ror  Information 

25 Remaining portion of 1. Pattern Characteristics over radia- 
radiation sphere. tion 
(Pr inc ipal polar iza ti on) a. 

b. 

C. 

sphere for : 
Reference pattern for long term 
degradation analysis. 
Wide angle sidelobe information 
for broadcast application. 
Pattern data for antenna noise 
temperature estimation. 

2. Antenna directivity (Principal polari- 
zation) 

radiation sphere. 2. Antenna directivity (Cross -polarized 
(Cross -polarized com- 
ponen t) 

5 Remaining portion of 1. Pattern Characteristics 

c ompone nt) 
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Figure 11-28. Radiation Sphere 

however, takes the greatest time to record in detailed sampling increments. 
in importance, but again requiring a large experiment time increment, is the cross-  
polarized pattern component. The partial directivity contribution from this component 
can be obtained to a fair degree of accuracy from a scale model test. 

Least 

It is assumed that accurate scale model tests ( r 1/10 scale) within economic limits 
will be made for a comparison and estimation of space antenna performance. 
Antenna characteristics to be evaluated in the terrestrial scale model tests are: 

a, Gain 

b. Beamwidth 

e. Sidelobes. 

d. Over-all pattern characteristics, 

e. Cross -polarization component. 

f. Partial directivity from cross -polarized components. 

Other RF test data required for the experiment are full-scale feed efficiency tests, 
mesh reflectivity tests, and RF component and cable losses. 

Patterns will be recorded for the 100 ft .  paraboloid a t  test frequencies of 6 GHz, 
1 GHz, and 0.1 GHz to obtain antenna performance characteristics over a wide 
range of frequencies and for antenna surface accuracy evaluation. Main lobe and 
near-in sidelobe data will be recorded in fine detail for all three test frequencies 
for both principal and cross -polarized components. The remaining portion of 
the sphere will be mapped as follows: 

a. At 6 GHz the antenna spin rate will be one giving a spiral increment in theta 
of approximately 2 beamwidths for each revolution. The coarser mapping 
is justified in terms of the weighting factor placed on the data in Table 11-5, 
broader width of the wide angle lobes, and conservation of experiment 
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time (eight spiral traces would be required to record over the radiation 
sphere at 1/4 beamwidth increments 
components will be recorded. 

Both principal and cross-polarized 

b. The 1 GHz data will also be taken at  a spin rate of one rpm, but since the 
beamwidth is broader, pattern samples will be taken at approximately 1/4 
BW increments over the entire radiation sphere. Both principal and cross- 
polarized components will be recorded. 

c. Patterns will be recorded for the principal polarization only outside the main 
lobe region a t  the 0 . 1  GHz test frequency. Accurate scale model data can be 
obtained on earth for this test frequency and the principal polarization data 
would suffice for performance verification. The partial directivity contribu- 
tion from the cross-polarized component can also be obtained from scale 
model data. Twelve hours of experiment time is saved by not recording the 
opposite polarization component. 

Pattern and gain data will be taken after the antenna has undergone a mechanical 
checkout and after the composite RF feed has been positioned from antenna surface 
evaluation data (See sequence in Figure II-29). The composite feed system consists 
of two concentric conical spiral antennas. The low frequency feed is a truncated 
cone with retractable conductors and will operate over the frequency band of 90-110 
MHz. The second conical spiral (0.3 to 6 GHz positioned inside and coaxially 
with the larger truncated cone operates only when the low frequency conductors 
are retracted. 

Measurement procedures for pattern and gain data are outlined in Table 11-6 with 
measurement diagram shown in Figure II-30. 

The astronaut will enter the shielded instrumentation area at the antenna focal point 
from the CSM and car ry  out visual and electrical checks of the antenna pattern and 
noise temperature measurement equipment. Impedance checks of the antenna feeds 
and standard gain antennas will be made to ensure against operating with damaged 
feeds or cables. The. 1 GHz and 6 GHz receivers will be calibrated and connected 
to the high frequency conical spiral feed. 

Pattern and gain data will be taken simultaneously for 1 GHz and 6 GHz to conserve 
experiment time. The bit rate will be increased slightly over that for the 6 GHz 
measurement by the addition of 14 bits for the 1 GHz pattern and standard gain 
antenna data (Table 11-7). Pattern mapping will be accomplished by first recording 
data in fine detail over the main lobe and near-in sidelobes utilizing the inertia 
wheel spiral scan method. When a 3' dia. has been achieved on the spiral trace 
(approximately 3 hrs. ), the ground source polarization will be switched and the 
maneuver repeated to record pattern data for the opposite polarization. The remain- 
ing portion of the radiation sphere will be mapped along a more coarse spiral trace 
utilizing the orbital ra te  of 0.0041 deg/sec. for one angle direction change and a spin 
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Figure II-29. Experiment Sequence 
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Tahle 11-6. Pattern And Gain Measurement Procedures 

Incremental 

A. 1 . 0  and 6.0 GHz Test: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

2 1. 

22. 

Mechanically boresight feed from antenna surface measure - 
ments. (Processed data wiU give best f i t  paraboloid). 

Make visual and electrical inspection of pattern and noise 
temperature measurement equipment. 

Make impedance measurements of feeds and standard gain 
antennas . 
Turn on equipment for 1 & 6 GHz test. 

Calibrate pattern and standard gain antenna receivers 
(1 & 6 GHz). 

Connect 1 & 6 GHz receivers to feed. 

Reference angle measuring unit to earth target, 

Verify acquisition of ground source. 

Initiate spiral scan about main lobe (3' dia. sector). Use 
h e r  tia Wheel. 

Monitor equipment opera tion and experiment pr ogres s. 

Terminate spiral scan - principal polarization. 

Point to ground station. 

Switch ground source polarization. 

Verify acquisition of ground source. 

Initiate spiral scan about RF lobe axis. (Use Inertia Wheel) 

Monitor equipment operation and experiment progress. 

Terminate spiral scan cross -polarized component. 

Switch ground source to principal polarization. 

Point to ground source and verify acquisition. 

Begin 1 rpm spiral scan. Use reaction control system (RCS). 

Monitor equipment. During the next 12 hrs. a complete sweep 
will be made over the radiation sphere for the principal 
polarization. 

Switch polarization of ground source at T + 12 hrs. 

120 

4 80 

60 
-- 

30 

10 

30 

10 

-- 
1 80 
- -  
30 
-- 
lo  
-- 

1 80 

-- 
-- 
40 
-- 

72 0 
-- 
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Table 11-6. Pattern and Gain Measurement Procedures (Cont'd) 
Incremental 

Procedure Time (Min. ) 

23. Monitor equipment. Map cross  "polarized components over 

24. 

radiation sphere 12 hrs. 720 

Turn off equipment at the end of one orbital period. (24 hrs. ) 
Terminate 1 & 6 GHz pattern measurements. Log comments. 30 

B. 100 MHz Test: 

1. 

2. 

3. Turn on equipment. 

4, Calibrate receivers 

5. 

6, 

7. 

Deploy 100 M H z  feed (conical spiral conductors). 

Make Impedance Measurements of feed. 

Connect receivers to 100 MHz feed. 

Reference angle measuring unit to earth target. 

Verify acquisition of ground source. 

30 

30 

30 

10 

30 

10 

8, Take preliminary data - two orthogonal principal plane cuts. 120 

9. Repeat 6, 7, and 8. 160 

10. Point to ground source and verify acquisition. 40 
11. Begin 0 .2  rpm spiral scan, Use RCS. -- 
12. Monitor equipment. Map principal polarization only. 

13. Turn off equipment. Terminate 100 MHz pattern measure- 

12 Hrs. 72 0 

ments. Log comments. 30 
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P A T T E R M  
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CO M M UN 1 CAT10 NS ANALYSIS  
Figure 11-30. Pattern Measurement Data Flow 

Table 11-7. Pattern And Gain Measurement Bit Rate 

(One rpm Rotational Rate) 

Sampling Bit 
Total Rate Rate 

Measur e men t Bits Samples /S ec ond B/S 

Two Angles 28 150 4200 

Two Amplitudes (1 GHz) 14 34 4 76 

Two Amplitudes (6 GHz) 14 150 2 100 

Time 240 

Simultaneous Measurement Bit  Rate, 1 4~ 6 GHz 70 16 

Measurement B i t  Rate, 6 GHz only 6540 
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rate of one rpm added by the attitude control system about the paraboloidal axis 
for the other. This method requires 12 hrs. to cover the radiation sphere. 
Since directivity determination requires integration of two orthogonal polarizations 
over the radiation sphere, 24 hrs. will be required to map the pattern for both 
polarizations. 

t 
When the 1 GHz and 6 GHz pattern measurement are completed, the 100 MHz 
receivers will be calibrated by the astronaut and connected to the low frequency 
feed, Conductors on the 100 MHz truncated conical spiral are deployed when this 
feed is in use and retracted when not in operation to avoid shrouding the high 
frequency conical spiral. The antenna beamwidth is relatively broad at 100 MHz 
(7O) and the inertia wheel spiral scanning technique is too time consuming to map 
the main lobe region. Principal plane cuts for both polarizations will be taken 
to provide preliminary pattern data. A spiral maneuver will then be executed to 
cover the remaining portion of the radiation sphere for the principal polarization 
component only. Rotational rate for the spiral will be 0.2 rpm. 

A time schedule for accomplishing the measurements a t  the three test frequencies 
is shown in Figure 11-31. 

11.10.2 Noise Temperature Measurements. Noise temperature measurements 
will be made for the same frequencies as the pattern measurements; 0.1 ,  1.0,  
and 6.0 GHz. Measurement procedures and source locations are essentially the 
same for all measurement frequencies. There are, however, variations in allowable 
scan rates and noise temperature amplitudes for the different test frequencies. 

A complete radio mapping of the celestial sphere is not the purpose of this measure- 
ment, but rather an evaluation of maximum and minimum noise temperature s 
encountered by the antenna in its space environment. Measurements will include 
likely noise sources in view of an operational space antenna such as the earth and 
also hot and cold regions of the celestial sphere. The antenna will be slewed at a 
slow rate along various to include: 

a. Sun 

b. Earth 

e. Galactic Pole 

d. Galactic Nucleus 

e. Moon 
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Figure 11-31. Experiment Schedule For Pattern And Gain Measurements 

An equipment block diagram for the noise temperature measurement is shown in 
Figure 11-32, Ground processing equipment is less complex than for the pattern 
measurements since information is gathered for discrete points or along planes in 
space rather than over considerable portions of the radiation sphere. 

Measurement procedures are outlined in Table II-8. 
will be at 0 . 1  GHz since the feed was left in a deployed position from the antenna 
pattern tests. After the noise temperature receiver is calibrated and connected 
to the 0. 1 GHz feed, the antenna will be given a 0 . 4  deg/sec. slew rate and drift 
plane maneuvered so the main lobe wiU drift through the sun, earth, galactic pole, 
and galactic nucleus. The same targets will be used for the 1 .0  GHz measure- 
ment, but with a reduced slew rate, 0.04 deg/sec. to accommodate a narrower 
antenna beamwidth. The slew rate is again reduced for the 6 GHz measurement 
(0 .01 deg/sec. ) and an  additional noise source added (moon). Since the drift rate 
of 0.01 deg/sec. is relatively slow, travel time between noise targets can be reduced 
by using the inertia wheel of the antenna attitude control system to increase and 
then reduce the slew rate. An integration time constant of 10 sec. has been assumed 
for the measurements with the slew rates adjusted to give approximately one-half 
beamwidth angular travel per time constant. ExDeriment schedule for the three 
frequencies is summarized 

The first data to be recorded 

ANGLE AND NOISE 
TEMPERATURE DATA 

COMMUNICATIONS 

Figure 11-32, Noise Temperature Measurement GROUND STATION 
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Table 11-8. Noise Tempera ture  Measurement  Procedure 
Time 

Task (Minutes) 

A. 0. 1 GHz Test 

1. 

2. 

3. Sta r t  0.4 deg. /sec. d r i f t  rate. 

4. Drif t  a c r o s s  sun. 

5. 

6. Drift  a c r o s s  e a r t h .  

7. 

8. Dr i f t  a c r o s s  galactic pole. 

9. 

Cal ibra te  Radiometer and connect to feed. 

Align dr i f t  plane to sun. 

Align d r i f t  plane to earth.  

Align dr i f t  plane to galactic pole. 

Align dr i f t  plane to galactic nucleus. 

10. Drift  through galactic nucleus. 

B. 1.0 GHz Test 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Ret rac t  0 . 1  GHz feed conductors, ca l ibra te  1.0 GHz r ece ive r  and connect 
to high frequency feed. 

Align dr i f t  plane to sun. 

S t a r t  0.04 deg. /sec. dr i f t  rate.  

Drift  a c r o s s  sun. 

Align dr i f t  plane to ear th ,  

D r i f t a c r o s s  earth. 

Align dr i f t  plane to galactic pole. 

Dr i f t  a c r o s s  galactic pole. 

Align dr i f t  plane to galactic nucleus. 

Dr i f t  through galactic nucleus. 

C. 6.0 GHz Tes t  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Calibrate 6.0 GHz Radiometer and connect to high frequency feed. 

Align dr i f t  plane to sun. 

S t a r t  0.01 deg. /sec. d r i f t  rate. 

Dr i f t  a c r o s s  sun. 

Align dr i f t  plane to earth. 

Drift a c r o s s  earth.  

Align dr i f t  plane to galactic pole. 

Drift  a c r o s s  galactic pole. 

Align drift  plane to galactic nucleus. 

Dr i f t  through galactic nucleus. 

Align dr i f t  plane to moon. 

Dr i f t  a c r o s s  moon. 

Turn off equipment. Log comments .  

120 

30 
*- 

l o  
30 

10 

30 

10 

30 

10 

150 

30 
-- 
lo 

30 

20 

30 

20 

30 

20 

120 

30 
-- 
lo  
30 

60 

30 

40 

30 
40 

30 

10 

30 
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Figure 11-33, Noise Temperature Experiment Schedule 

11. 10.3 Astronaut Participation. Astronaut participation in pattern measure - 
ment experiments includes: 

a. 

b. 

C. 

d. 

e, 

f ,  

g* 

h. 

i. 

j. 

k. 

1. 

m. 

Calibration of electronic equipment by functional switches, amplitude 
control, and visual observation. 

Alignment and periodic updating of the inertial measuring unit from celestial 
observations. 

Check out of RFinstrumentation and spare unit installation. 

Manual feed deployment if automated mechanism fails, 

Making final feed adjustment based on boresight pattern data. 

Monitoring data and log comments during experiment, 

Boresighting optical trackers to mechanical pointing axis, 

Maneuvering spacecraft to point at stationary and earth based targets, 

Aligning pointing axis to initial scan position and realigning periodically as 
discrete angular pattern secors are covered. 

Initiating and stopping scanning motions. 

Aiding in target acquisition by monitoring amplitude of detected RF signals 
and by making visual observations. 

Initiating alternate measurement procedures if failures occur. 

Making final equipment checks and connections for unmanned mode of operation. 
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